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TITLE: METHODS AND SYSTEMS FOR SEMICONDUCTOR FABRICATION PROCESSES 



BACKGROUND OF THE INVENTION 

1. Field of the lovention 

This invention generally relates to methods and systems for semiconductor fabrication processes. Certain 
embodiments relate to a method and a system for evaluating and/or controlling a semiconductor fabrication process 
by determining at least two properties of a specimen. 

2. Description of the Related Art 

Fabrication of semiconductor devices such as logic and memory devices typically includes a number of 
processes that may be used to form various features and multiple levels or layers of semiconductor devices on a 
sur&ce of a semiconductor wafer or another appropriate substrate. For example, lithogr^hy is a process that 
typically involves transferring a pattem to a resist arranged on a sur&ce of a semiconductor wafer. Additional 
examples of semiconductor fabrication processes may include chemical-mechanical polishing, etch, deposition, ion 
implantation, plating, and cleaning. Semiconductor devices are significantiy smaller than a typical semiconductor 
wafer or substrate, and an array of semiconductor devices may be formed on a semiconductor wafer. After 
processing is complete, the semiconductor wafer may be separated into individual semiconductor devices. 

Semiconductor fabrication processes, however, are among the most sophisticated and con^lex processes 
used in manufacturing. In order to perfoim ef&cientiy, semiconductor fEibrication processes may require frequent 
monitoring and careful evaluation. For example, semiconductor febrication processes may introduce a number of 
defects (e.g., non-unifonnities) into a semiconductcn: device. As an exanq>le, defects may include contamination 
introduced to a wafer during a semiconductor fabrication process by particles in process chemicals and/or in a clean 
room environment. Such defects may adversely affect tiie performance of the process to an extent that overall yield 
of the fabrication process may be reduced below acceptable levels. Therefore, extensive monitoring and evahxation 
of semiconductor fabrication processes may typically be performed to ensure tiiat the process is witiiin design 
tolerance and to increase the overall yield of the process. Ideally, extensive monitoring and evaluation of die 
process may take place both during process development and during process control of semiconductor fabrication 
processes. 

As features sizes of semiconductor devices continue to shrink, a mininmTn feature size that may be 
fabricated may often be limited by the performance characteristics of a semiconductor fabrication process. 
Examples of performance characteristics of a semiconductor fabrication process mclude, but are not limited to, 
resolution capability, across chip variations, and across wafer variations. In optical lithography, for example, 
performance characteristics such as resolution capability of a lithography process may be limited by die quality of 
the resist application, the performance of die resist material, die performance of die exposure tool, and die 
wavelength of light used to e^ose die resist The abOity to resolve a mmmumi feature size, however, may also be 
strongly dependent on other critical parameters of the lithography process such as a terrq)erature of a post exposure 
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bake process and an exposure dose f an e]q)osin:e process. As su<±, controlling the panunete^ 
may be critical to die resolution capability of a semiconductor fabrication process such as a lidiography process is 
becoming increasingly important to die successful fabrication of semiconductor devices. 

As the dimensions of semiconductor devices continue to shrink Vidi advances in semiconductor maten alg 
S and processes, die ability to examine microscopic features and to detect microscopic defects has also become 
in^easingly important to die successful fabrication of semiconductor devices. Significant research has been 
focused on increasing die resolution limit of metrology and/or inspection tools used to examine microscopic 
features and defects. There are several disadvantages, however, in using the currently available methods and 
systems for metrology and/or inspection of specimens &bricated by semiconductor fabrication processes. For 

1 0 exanq)le, multq>le stand-alone metrology/mspection systems may be used for metrology and/or inspection of 

specimens fabricated by such processes. As used herein, "standralone metrology/inspection system" may generally 
refer a system diat is not coupled to a process tool and is operated independendy of any other process tools and/or 
metrology/inspection systems. Multiple metrology/inspection systems, however, may occupy a relatively large 
amount of clean room space due to the footprints of each of the metrology and/or inspection systems. 

IS In addition, testing time and process delays associated with measuring and/or inspecting a specimen with 

multiple metrology/inspection systems may increase die overall cost of manufacturing and the manufacturing time 
for fabricating a semiconductor device. For example, process tools may often be idle while metrology and/or 
inspection of a specimen is performed such diat die process may be evaluated before additional specimens are 
processed diereby increasing manu&cturing delays. Furthermore, if processing problems can not be detected 

20 before additional wafers have been processed, wafers processed during this time may need to be scrq)ped, which 
increases the ovemll cost of manufacturing. Additionally, buying multiple metrology/mspection systems increases 
the cost of M)ricatioxL 

In an additional exan^le, for in situ metrology and/or inspection using multiple curreudy available 
systems, determining a characteristic of a specimen during a process may be difficult if not inspossible. For 

25 exan:q)le, measuring and/or inspecting a specimen with multiple currently available systems during a lithography 
process may introduce a delay time between or after process steps of die process. If die delay time is relatively 
long, the performance of the resist may be adversely affected, and the overall yield of semiconductor devices may 
be reduced. As such, there may also be limitations on process enhancement, control, and yield of semiconductor 
&brication processes due to the limitations associated with metrology and/or inspection using multiple currentiy 

30 available systems. Process enhancement control, and yield may also be limited by an increased potential for 

contamination associated widi metrology and/or inspection using multq)le currentiy available metrology/inspection 
systems. In addition, diere may be practical limits to using multiple metrology/inspection systems in 
semiconductor maiuifacturing processes. In an exanq>le, for in situ metrology and/or inspection using multq)le 
currently available systems, integrating multq>le metrology/inspection systems into a process tool or a cluster tool 

3 S may be difficult due to the availability of space widiin the tool 

SUMMARY OF TBOE EWENTION 
An embodiment relates to a system that may be configured to determine at least two properties of a 
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specimeiL The system may include a stage configured to suppozt the spec^^ The system may also inchide a 
measurement device c upled to the stage. The measurement device may inchide an illumination system configured 
to direct energy toward a sur&ce f the specimen. The measurement device may also include a detection system 
coupled to tiie illumination system. The detection system may be configured to detect energy propagating from the 
5 suiface of die specimen. The measurement device may also be configured to generate one or more output signals in 
response to the detected energy. The system may also include a processor coupled to &e measurement device. The 
processor may be configured to detennine at least a first property and a second property of the specimen fix)m die 
one or more output signals. 

In an embodiniimt, die first property inay include a criticddixnension of the s^ The second 

10 property may include overlay misregistration of the specimen. In addition, die processor may be configured to 
detemune a third and/or a f oiuih property of the specimen from the one or more output signals. For example, a 
durd property of the specimen may include a presence of defects on die specimen, and the fourth property of die 
specimen may include a flatness measurement of die specimen. In an embodiment, die measurement device may 
include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a refiectometer, a 

1 5 spectroscopic reflectometer, an eUipsometer, a spectroscopic eIlq)someter, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device, a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe microscope, an 
interference microscope, an optical profilometer, or any combination thereo£ In this manner, the measurement 
device may be configured to function as a single measurement device or as multiple measurement devices. 

20 Because multq>le measurement devices may be integrated into a single measurement device of the system, optical 
elements of a first measurement device, for exanqjle, may also be optical elements of a second measurement 
device. 

In an embodiment, die processor may include a local processor coiqiled to the measurement device and/or 
a remote controller corrputer coupled to the local processor. The local processor may be configured to at least 

25 partially process the one or more ou^ut signals. Hie remote controller computer may be configured to receive the 
at least partially processed one or more output signals from the local processor. In addition, the remote controller 
computer may be configured to determine at least the first property and the second property of the specimen from 
the at least partially processed one or more output signals. Furthermore, the remote controller conc^uter may be 
configiured to detennine the diird property and/or the fourth property of die specimen from the at least partially 

30 processed one or more output signals. In an additional embodiment, the remote controller conqiuter may be 

coiq)led to a process tool such as a semiconductor fiibrication process tool In diis manner, the remote controller 
computer may be further configured to alter a parameter of one or more instruments coi^Ied to the semiconductor 
fabrication process tool in response to at least the determined first or second property of the specimen using an in 
situ control technique, a feedback control technique, or a feedforward control technique. 

35 An additional embodiment relates to a method for detemuning at least two properties of a specimen. The 

method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system In addition, the method may 
include directing energy toward a sur&ce of the specimen. Hie method may also include detecting energy 
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propagating fiom the suxface of the specii^^ Il&emefliod may fuidier include generating one or more 
signals in response to the detected eneigy . Furthennore, Ihe method may include processing &e one or more output 
signals to determine at least a first property and 8 second pippat)^ of tiiie spec^ 

In an onbodiment, the Sist property may include a critical dimension f tlie specimen. The second 
5 property may include overlay misregistration of &e specimea In addition, tiie method may further include 
processing the one or more output signals to detemiine a third and/or a fourth property of the specimen. For 
exan^le, a third and a fourth property of the specimen may include a presence of defects on &e specimen and a 
flatness noeasurement of the specimen. In an additional embodiment, a semiconductor device may be fabricated by 
the metiiod. For example, the method may inchide forming a portion of a sraniconductor device upon tiie 
10 specimen. 

in an embodiment, processing tiie one or more ou^t signals to determine at least a first property and a 
second property of tbe specin»ai may include at least partially processing tiie one or more ou^ut signals using a 
local processor. Tbe local processor may be coiq>led to the measurement device. Processing the one or more 
output signals may also include sending tbe partially processed one or more ou^ut signals firom &e local processor 

15 to a remote controller conqjuter. In addition, processing tiie one or more output signals may include furtiier 
processing the partially processed one or more output signals using die remote controUer coirq)uter. In an 
additional embodiment, the remote controUer conqiuter may be coi^led to a process tool such as a semiconductor 
fabrication process tooL In this manner, the method may include altering a parameter of one or more instruments 
coiq)led to tiie process tool using the remote controller computer in response to at least die determined first or 

20 secondproperty of the specimen. Altering tiie parameter of the instruments iiiay include usiiig an in situ coiitrol 
technique, a feedback control technique^ or a feedforward control technique. 

Additional embodiments relate to a computBr-inq>Iemented method for controlling a system configured to 
determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controUmg the system may include controlling the measurement device. In addition, the measurement device may 

25 include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
systiaa to detect energy propagating firom tiie sar&M of the specimen. The metiiod may furdier include generating 
one or more output signals in response to the detected energy. The contputer-inoplemented method may furtiier 

30 include processing die one or more output signals to determine at least a first property and a second property of the 
specimen. For exan^Ie, die first property niayirichide a critical dimension of die specimerL Furdietmore, the 
second property may include overlay misregistration of the specimen. The computer-in^lemented method may 
also include processing die one or more output signals to determine a diird and/or fourth properties of the specimen. 
In an example, the third and fourth properties of the specimen may uiclude a presence of defects on die specimen 

35 and a flatness measurement of the specimen. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 
system may include a stage configured to support die specimen. The system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
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eneigy toward a sut&ce ftiie specimen. The measuxemezit device iiuty also include a detections'^ 
tiie ilhmunatioB system. Hie detection system may be configured to detect energy propagating from the surface of 
the specimen. The measurement device may also be configured to generate one or more u^t signals in response 
to &e detected energy. The system may als include a processor c upled to the measurement device. The 
5 processor may be configured to determine at least a first property and a second property of the specimen fiom the 
one or more output signals. 

In an embodiment, tiie first property may include a presence of defects on specimen. The second property 
may include a tiiin film characteristic of the specimen. In addition, the processor may be configured to determine 
other properties of the specimen from die one or rnore output signals. In an embodiment, the measurement device . 

10 may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectometer, an eIl^>someter, a spectroscopic el]q>SQmeter, a beam profile ellq>someter, a bright 
field imaging device, a dark field imaging device, a bright field and dark field imaging device, a bright field non- 
imagiiig device, a dark field non-imaging device, a bright field and dark field non-imaging device, a double dark 
field device, a dual beam spectrophotometer, a coherence probe microscope, an interference microscope, an optical 

IS profilometer, or any combination thereof In this manner, the measurement device may be configured to function 
as a single measurement device or as multiple measurement devices. Because multiple measurement devices may 
be integrated into a single measurement device of the system, optical elements of a first measurement device, for 
exanq)le, may also be optical elements of a second measurement device. 

In an embodiment, &e processor may include a local processor coupled to die measurement device and a 

20 remote controller conoputer coiq)led to the local processor. The local processor may be configured to at least 

partially process the one or more ou^ut signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals fiom the processor. In addition, the remote controller 
conq)uter may be configured to detemiine at least die first proper^ and the second pr ope r ty of the specimen fiom 
die at least partially processed one or more ou4>ut signals. Furdiermore, the remote controller con^uter may be 

25 configured to determine additional properties of the specimen fiom the at least partially processed one or more 

output signals. In an additional embodiment, the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In diis manner, the remote controller computer may be further 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least die 
determined first or second property of the specimen using an in situ control technique, a feedback control 

30 technique, or a feedforward control technique. 

An additional embodiment rektes to a mediod for detennining at least two property The 
method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen. The method may also include detecting energy 

35 propagating fiom the surface of the specimeiL The method may further include generating one or more ou^ut 

signals in response to the detected energy. Furthermore, the method may include processing the one or more output 
signals to determine at least a first property and a second property f the specimen. 

In an embodiment, die first property may include a presence f defects on specimen. The second property 
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may include a diia film diaiacteristic of tiieqwc^ addition, the processor may bee nfigured to detectnine 
oflier p roperties of tlie specimen from the one or more output signals, la an additional embodiment, a 
semiconductor device may be fibricated by the method. For exan^le, the method may include fonnmg a portion 
ofasemiconduct r device upon a specimen. 
S In an embodiment, processing the one or more output signals to determine at least a fust property and a 

second property of the specimen may include at least partially processiog the one or more ou^ut signals using a 
local processor. The local processor may be coupled to die measurement device. Processing the one or more 
ou^ut signals may also include sending die partially processed one or more output signals from die local processor 
to a remote controller con^uter. In addition, processing die one or more ou^ut'signak may include furdier 

10 processing die partially processed one or more ou^ut signals using the remote controller con^uter. In an 

additional embodin:ient, die remote controller computer may be coiqiled to a process tool such as a semiconductor 
fabrication process tool M this nianner, die mediodxnay include altering a paiaineter of one or more instrument 
coupled to die process tool using the remote controller conqmter in response to at least the determined first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 

IS technique, a feedback control technique, or a feedforward control technique. 

Additional embodiments relate to a con^uter-in^lemented method for controlling a system configured to 
determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
mchide an illumination system and a detection system. The measurement device may also be coiq>led to a stage. 

20 Controlling die measurement device may inchide controlling the illumination system to direct energy toward a 
sm&ce of the specimen. Additionally, controlling the measurement device may include controlling die detection 
system to detect energy propagating from the sur&ce of the specimen. The method may also inchide generating 
one or more output signals in response to die detected energy. The computer-inoiplemented method may furdier 
include processing the one or more output signals to determine at least a first property and a second pnq>erty of the 

25 specimen. For example, the first property may include a presence of defects on specimen. The second property 
may include a thin film characteristic of the specimen. In addition, the processor may be configured to determine 
other properties of the specimen from the one or more ou^ut signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 
system may include a stage configured to support the specimen. The system may also include a measurement 

30 device coiq)led to the stage. The measurement device may include an illumination system configured to direct 

energy toward a surface of the specimen. The oieasurcment device may also include a detection system coupled to 
die illumination system. The detection system may be configured to detect energy propagating from the surfice of 
thespecimen. The n^ieasurement device may also be configured to generate one or more output signals in response 
to die detected energy. The system inay also include a processor coiq)led to the rneasurement device. The 

35 processor may be configured to detennine at least a fint pro perty and a second property of the specimen firom die 
one or more output signals. 

In an embodiment, the first property may include a presence of defects on specimen. The second property 
may include a critical dimension of the specimen. In addition, the processor may be configured to detennine other 
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properties of &e specimen fiom the neormoreou^ut signals. In an embodinient, the measurement device inay 
include a non-imaging scatterometer, a scatterometer, a spectroscopic scatteiometer, a leflectometer, a 
spectroscopic reflectometer, an ell^someter, a spectroscopic eI]]^someter, a bright field imaging device, a dark 
field imaging device, a bright field and dark field imaging device, a bright field non-imaging device, a dark field 
5 non-imaging device, a bright field and dark field non-imaging device, a coherence probe microscope, an 

interference microscope^ an optical profilometer, or any cooibination thereof. In this manner^ the measurement 
device may be configured to function as a single measurement device or as mult^le measurement devices. 
Because niultq>Ie measurement devices may be integrated into a single measurement device of the system, optical 
elements of a first measurement device, for example, may also be optical elements of a second measurement 
10 device. 

In an embodiment, fb& processor may include a local processor coupled to tiie measurement device and a 
remote controller con^>uter coupled to the local p9X)cessor. The local processor may be configured to at least 
partially process the one or more ou^ut signals. Tlie remote controller computer may be configured to receive the 
at least partially processed one or more output signals from the processor. In addition^ the remote controller 

15 computer may be configured to determine at least the first property and the second property of the specimen from 
tiie at least partially processed one or more output signals. Furthennore, the remote controller computer may be 
configured to determine additional properties of the specimrai from the at least partially processed one or more 
output signals. In an additional embodiment, the remote controller conqmter may be coupled to a process tool such 
as a semiconductor fabrication process tool M this inanno:, the remote control!^ CQnq)uter may be further 

20 configured to alter a parameter of one or more instruments coupled to &e process tool in response to at least tiie 
detennined first or second property of the specimen usmg an in situ control technique, a feedback control 
technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. Hie 
mediod may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 

25 measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the spechnen using the illumination system. The method may also 
include detecting energy propagatmg from the surfiace of the specimen using tiie detection system. Hie method 
may further include generating <>ne or more output signals in response to the detected energy. Furthermore, the 
method may include processing the one or more output signals to determine at least a first property and a second 

30 property of the specimen. 

In an embodiment, the first property may include a presoice of defects on specimeiL The second property 
may include a critical dimension of the specimen. In addition, tiie processor may be configured to determine otfier 
properties of the spedmen from the one or more output signals. In an additional embodiment, a semiconductor 
device may be fabricated by the method. For exaniple, the method may mclude forming a portion of a 

35 semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more output signals to determine at least a first property and a 
second property of the specimen may include at least partially processing die one or more output signals using a 
local processor. Hie local processor may be coupled to the measurement device. Processing the one or more 
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ou^mt signals may also include sending the paxtially processed one or more output signals from the local processor 
to a remote controller conqputer. In addition, processing the one r more output signals may include fiirdier 
processing the partially processed one or more output signals using die remote controller con^uter. In an 
additional embodiment, die remote controller conQ$)uter may be coupled to a process tool such as a semiconductor 
5 fabrication process tool in this manner, the method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least the determined first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward canlrol technique. 

Additional embodimmts relate to a con^uter-in^lemented mediod for controlling a system configured to. 

10 detemiine at least two properties of a specimen. The systrai may include a measurement device. Ihthismanner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination system and a detection system. Ihe measurement device may also be coq>led to a stage. 
Controlling the measurement device may include controlling die illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 

15 system to detect energy propagating from the sur&ce of the specimen. The method may also inchide generating 
one or more output signals in response to the detected energy. The con^uter-implemented mediod may further 
include processing die one or more output signals to determine at least a first property and a second property of the 
specimen. For exan^le, the first property may include a presence of defects on specimeiL The second prq)erQr 
may include a critical dimension of die specimen. In addition, die processor may be configured to determine other 

20 properties of the specimen firom the one or more ou^nxt signals. 

An einbodiixient relates to a system configured to detetmiiie at least two properties of a specin^ The 
system may include a stage configured to siq)port the specimen. The system may also include a measurement 
device coi^led to the stage. The measurement deWce may include an illumination system configured to direct 
energy toward a sur&ce of the specimen. The measurement device may also include a detection system coupled to 

25 die illumination system. The detection system may be configured to detect energy propagating fiom the sur&ce of 
the specimeiL The measurement device may also be configured to generate one or more output signals in response 
to the detected energy. The system may also include a processor coupled to the measurement device. Hie 
processor may be configured to determine at least a first property and a second property of the specimen fiom the 
one or more ou^ut signals. 

30 In an embodiment; die first property may inchide a critical dimension of the specimeiL The second 

property may include a diin film characteristic of die specimeit In addition, the processor may be configured to 
determine other prop^es of the specimen from die one or more output signals. In an enibodiment, the 
measurement device may inchide a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellq>someter, a beam profile 

35 ell^someter, a dual beam spectrophotometer, a bright field imaging device, a dark field imaging device, a bright 
field and dark field imaging device, a bright field and/or dark field non-imaging device, a coherence probe 
microscope, an interference microscope, an optical profilometer, r any combination thereof. In this manner, die 
measurement device may be configured to fimction as a single measurement device or as multq>le measurement 
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devices. Becaiiseiiniltq>le measurement deWcesnmy be int^^ ftiliesystem, 
optical elements of a fiistmeasuxenii^ device, for exas^^^ fasec nd measurement 

device. 

In an embodiment, die processor may include a local processor coupled to die measurement device and/or 
5 a remote controller co]iq)uter coiq)led to die local processor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller conq)uter may be configured to receive die 
at least partially processed one or more output signals from die local processor. Lot addition, die remote controller 
cozx^uter may be configured to detemine at least die first property and die second property of die specimen fiom 
die at least partially processed one or more output signals. Furdiermore, die remote controller con^uter may be 

1 0 configured to determine additional properties of the specimen fi^om die at least partially processed one or more 

output signals. In an additional embodiment, die remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool Li this manner, the remote controller con^uterznay be fnrdier 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
determined first or second property of the specimen using an in situ control technique, a feedback control 

15 technique, and/or a feedforward control technique. 

An additional embodiment relates to a mediod for determining at least two properties of a specimen. Hie 
method may include disposing a specimen i^on a stage. The stage may be cotq)led to a measurement device. The 
measurranent device may inchide an illumination system and a detection system. In addition, the method may . 
include directing energy toward a surface of the specimen using the illumination system. The method may also 

20 include detecting energy propagating fiom the sur&ce of the specimen using the detection system. Hie mediod 
xnayfiulher include generating one or inoreou^tsignab in response to the detected ene^ Furdiermore, the 
mediod may include processing the one or more output signals to determine at least a first property and a second 
property of the specimeiL 

M an einbodimeiit, the first property may include a critical diniension of the spech^ Theseoond 

25 property may inchide a thin film characteristic of the specimen. In addition, the processor may be configured to 
determine other properties of the specimen from the one or more ou^ut signals. In an additional embodiment, a 
semiconductor device may be fabricated by the method. For exan^le, die method may include forming a portion 
of a semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more output signals to determine at least a first property and a 

30 second property of the specimen may inchide at least partially processing the one or more output signals using a 
local processor. The local processor rnay be coupled to die rneasurexnent device. Processing die one or mom 
output signals may also mchide sending die partially processed one or more ou^t signals fix>m the local processor 
to a remote controller coniputer. In addition, processing the one or more output signals may include fiirther 
processing die partially processed one or more output signals using die remote controller co^^)uter. In an 

35 additional embodiment, the remote controller con^uter may be coupled to a process tool such as a semioonductor 
fabrication process tool. In this manner, the method may include altering a parameter of one or more instruments 
coupled to the process tool using the remote controller conq)uter in response to at least the determined first or 
second property of the specimen. Altering the parameter of die instruments may include using an in situ control 
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technique, a feedback control technique, and/or a feedforward control techniqiie. 

Additional embodiments relate to a con^nter-implemented method for controlling a system configured to 
determine at least two properties of a specimen. Tlie system may include a measurement device. In ^manner, 
controlling &e system may include controlling the measurement device. Inadditi n, die measurement device may 
5 include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling tihe illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling die detection 
system to detect energy propagating from the suz&ce of the spechnen. The method may also include generating 
one or more output signals in response to &e detected energy. The conqmter-in^lemented xnelhod may iurlher 

10 inchide processing the one or more outpm signals to determine at least a first prope^ 

specimen. For exaiuple, the first property may include a critical dimension of die specimen. The second property 
may mclude a thin film characteristic of die specunen. In addition* the processor rnay be configured to determine 
other properties of the specimen from tiie one or more output signals. 

An embodiment relates to a system configured to determine at least tinee properties of a specimen. The 

1 S system may include a stage configured to support the specimen. Ihe system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a sur&ce of die specimen. The measurement device may also include a detection system coupled to 
the illumination system. The detection system may be configured to detect energy propagating from the surfece of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 

20 to die detected energy. The system may also include a processor coupled to die measurement device. The 

processor may be configured to determine at least a first property, a second property and a tiiird property of die 
specimen from the one or more output signals. 

Ill an enibodiment, the first property may include a critical dimension of die 5 Thesecond 
property may include a presence of defects on the specimen The third property may inchide a diin fihn 

25 characteristic of the specimen. In addition, the processor niay be configured to detennineodier properties of the 
specimen from die one or more ou^ut signals. In an embodiment, the measurement device may include a non- 
imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a refiectometer, a spectroscopic 
refiectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile ellipsometer, a bright field imaging 
device, a dark field imaging device, a bright field and dark field imaging device, a bright field and/or dark field 

30 non-imaging device, a coherence probe microscope, an inteiference microscope, an optical profilometer, a dual 
beam spectrophotometer, or any combination thereof In diis manner, the measurement device may be configured 
to frmction as a single measurement device or as nmltiple measurement devices. Because multiple measurement 
devices may be integrated into a single measurement device of die system, optical elements of a first measurement 
device, for example, may also be optical elements of a second measurement device. 

35 In an embodiment, the processor may include a local proctor coupled to die measurement device and/or 

a remote controller coix^tuter coupled to the local processor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals from the processor. In addition, die remote controller 
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con^uter may be configmed to detennine at least ^e first property, &e second property and ttie ^urd property of 
the specunen from the at least partially processed one or more ou^t signals. Furthermore, ttit remote controller 
con^uter may be configured to determine additional properties of die specimen firom the at least partially processed 
one or more output signals. In an additional embodiment, the remote controller con^uter may be coupled to a 
S process tool such as a semiconductor febrication process tooL In this manner, the remote controller coit^uter may 
be further configured to alter a parameter of one or more instiumenis coupled to the semiconductor &brication 
process tool in response to at least the detennined fixst, second, or fliird property of &e specimen using an in situ 
control technique, a feedback control techmque, and/or a feedforward control technique. 

An additional ernbodiment relates to a me&od for deteiiiijiiirig at least three proper^ Hie 

10 method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an iUurmnation system and a detection systerxL In additioii, -the melhod may 
include directing energy toward a surface of the specimen using the illumination systenL Hie method may also 
include detecting energy propagating from die surfi&ce of the specimen using the detection system. The method 
may further include generating one or more ou^ut signals in response to the detected energy. Furthermore, the 

1 5 method may include processing die one or more output signals to determine at least a first property, a second 
property, and a third property of die specimeiL 

In an embodixnen^ the first property inayinchide a critical dimension of the specimra. Thesecond ' 
property may include a presence of defects on the specimeiL The diird property may include a thin fihn 
characteristic of the specimerL In additioii, the processor ixmy be configured to determine other properties of die 

20 specimen from the one or more output signals. In an additional einbodiment, a semiconductor device may be 

&bricated by the mediod. For exanq^le, the method may include forming a portion of a sendconductor device upon 
a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more ou^ut signals to determine at least a first property, a 
second property and a diird property of the specimen may include at least partiaUy processing die one or more 

25 output signals using a local processor. The local processor may be coupled to the measurement device. Processing 
the one or more output signals may also include sending the partially processed one or more output signals from the 
local processor to a remote controller con^uter. In addition, processing the one or more output signals may include 
further processing die partially processed one or more output signals using die remote controller computer. In an 
additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 

30 fabrication process tooL In this manner, the method may include alteriog a parameter of one or more instruments 
coupled to the process tool using the remote controller computer in response to at least die detemuned first or 
second property of the specimen. Altering die parameter of the instruments may include usmg an in situ control 
technique, a feedback control tedmique, and/or a feedforward control technique. 

Additional embodiments relate to a con^uter-inc^lemented method for controlling a system configured to 

35 determine at least three properties of a specimeiL Thesystemmay include a measurement device. In tiiis manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination system and a detection system. The measiu:ement device may also be coupled to a stage. 
Controlling die measurement device may inchxde controlling die illumination system to direct energy toward a 
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sut£ice of the specimen. Additionally, controlling the measurement device m ntrolling tiie detection 

system to detect energy propagating from tibie sur&ce of the specimjoo. The method may also include generating 
one or more ou^ut signals in respons to the detected eneigy. The con9uter-in:q}lemented method may further 
include processing tiie ne r more output signals to determine at least a first property, a second property and a 
S third property of &e spechnen. For example, the first property may include a critical dimension of the specimen. 
The second property may include a presence of defects on &e specimen. The third property may include a thin film 
chaiactexistic of die specsonen. In addition, tiie processor may be configoied to determine otiier properties of tiie 
specimen from tiie one or more output signals. 

An ^nbodiinent relates to a system configured to determme at least two properties of a The 

10 system may include a stage configured to Sl^]port the specimezL The system may also include a measurement 
device coiq)led to tbe stage. The measuremexxt device inay include an illununation system con^gured 
energy toward a sur&ce of the specimen, lliemeasurenient device may also include a detection system coi^led to 
die illumination system. The detection system niiay be configured to detect energy p(ropagatingfiomtiiesurfa^ 
the specimen. The measurement device may also be configured to generate one or more ou^ut signals in response 

15 to the detected energy. The system may also include a processor coupled to the measurement device. The 

processor may be configured to determine at least a first property and a second property of the specimen fiom the 
one or more ou^ut signals. 

In an embodiment, His first property may include a presence of macro defects on the specimen. The 
second property may a presence of micro defects on the specimen. In addition, the processor may be configured to 

20 determine other properties of the specimen fiom the one or more output signals. In an embodiment, the 

measurement device may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an clinometer, a spectroscopic ellq)Someter, a bright field imaging 
device, a dadc field imaging device, a bright field and dadc field imaging device, a brigiht field and/or daric field 
non-imaging device, a double dark field device, a coherence probe microscope, an interference microscope, an 

25 optical profilometer, or any conibination thereof. In this manner, the measurement device may be configured to 
function as a single measurement device or as multiple measurement devices. Because mult^le measurement 
devices may be integrated into a single measurement device of the system, optical elements of a first measurenmt 
device, for example, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device or a 

30 remote controller con^uter coupled to the local processor. Ihe local processor may be configured to at least 

partially process die one or more output signals. The remote controller computer may be configured to receive the 
at least partially processed one or more output signals fiom the processor. In addition, die remote controller 
computer may be configured to determine at least the first property and the second pr oper t y of the specimen from 
die at least partially processed one or more output signals. Furdiennore, the remote controller conpiter may be 

35 configured to determine additional properties of die specimen from the at least partially processed one or more 

output signab. In an additional embodiment the remote controller computer may be coupled to a process tool such 
as a semiconductor fabrication process tool. In this maimer, the remote controller computer may be fiulher 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
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detennined first or second property of the specimen using an in situ control tecfanique^ a feedback control 
technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for detemiining at least two properties of a specimen. The 
method may include disposing a specmien\J^)on a stage. Hie stage may be coupled to a measurement device. The 
5 measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of ^ specimen using the illumination system. Hie method may also 
include detecting eneigy propagating £rom the sur&ce of the specimen using tiie detection system. The mediod 
may also include generating one or more output signals in response to &e detected energy. FtDctiiermore, the 
method may include processing the one or more output sigmils to determine at least a first property and a second 

10 property of the specunen. 

In an embo'dimen^ the first pr op erty may include a presence of macro defects on &e specimen. Hie 
second property may be a presence of micro defects on &e spedmen. in addition, tiie processor may be configured 
to determine other properties of die specimen from &e one or more output signals. In an additional embodiment, a 
semiconductor device may be fabricated by the method. For exan^^le, the me^iod may include forming a portion 

IS of a semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more ou^ut signals to determine at least a first property and a 
second property of die specimen may include at least partially processing the one or more ou^ut signals using a 
local processor. The local processor may be coupled to die measurement device. Processing the one or more 
output signals may also include sending die partially processed one or more output signals from the local processor 

20 to a remote controller conqmter. In addition, processing die one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller computer. In an 
additional embodiment the remote controller conqniter may be coupled to a process tool such as a semiconductor 
^brication process tool In this manner, die method may include altering a parameter of one or more instruments 
coupled to the process tool using die remote controller con^uter in response to at least die detenmned first or 

25 second property of the specimen. Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controlling a system configured to 
determine at least two properties of a specimen. The system may include a measurement device. In this manner, 
controlling die system may include controlling the measurement device. In addition, the measurement device may 

30 include an illumination system and a detection system. The measurement device may also be cov^led to a st^e. 
Controlling die measurement device may inchide controlling the illumination system to direct ermgy toward a 
sur&ce of the specimen. Additionally, controlling the measurement device may include controUiiig the detection 
system to detect energy propagatiiig fiom the sur&ce of the specimen. The mediod may also include generating 
one or more output signals in response to the detected energy. The con:q)uter-in[q)lemented method may furdier 

35 include processing die one or more output signals to determine at least a first property and a second property of the 
specimen. For example, the first property may include a presence of macro defects on the specimen. The second 
property may be a presence of micro defects on the specimen. In addition, the processor may be configured to 
determine other properties of the specimen firom the one or more ou^ut signals. 
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An embodiment relates to a system configured to determine at least three properties of a specimen. The 
system may include a stage configured to support tiie specimen. The system may also include a measurement 
device coiq)led to Hit stage. The measurement device may include an illuminati n system configured to direct 
energy toward a surface of the specimen. The measurement device may als include a detection system coupled to 
5 the illumination system. The detection system may be configured to detect energy propagating from the sor&ce of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to the detected eneigy. The system may ako include a processor coiq)led to tbemeasuienient device. The 
jnocessor may be configured to detennine at least a first property, a second property and a tiiiid property of the 
specimen fiom &e one or more output signals. 

10 In an embodiment, the first property roay include a fiatoess measurement of the specie Thesecond 

property may include a presence of defects on the specimen. The third property may include a thin fihn 
characteristic of the specimoL In addition, the processor may be configured to determine other properties of tiie 
specimen fiom die one or more ou^ut signals. In an embodiment^ the measurement device may include a non- 
imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic 

1 5 refiectometer, an ellipsometer, a spectroscopic elHpsometer, a beam profile ellipsometer, a bright field and/or dark 
field imaging device, a bright field and/or dark field non-hnaging device, a double dark field device, a coherence 
probe microscope, an interference microscope, an interferometer, an optical profilometer, a dual beam 
spectrophotometer, or any combination thereof, hi this manner, the measurement device may be configured to 
fimction as a single measurement device or as multqile measurranent devices. Because multiple measurement 

20 devices may be integrated into a siagle measurement device of the system, optical elements of a first measurement 
device, for exanq»le, may also be optical elemmts of a second measurement device. 

In an embodiment, the processor may include a local processor coiq)led to the measurement device and a 
remote controller computer coupled to Hie local processor. The local processor may be configured to at least 
partially process the one or more ou^ut signals. The remote controller con^uter may be configured to receive the 

25 at least partially processed one or more ou^ut signals fiom the processor. In addition, the remote controller 

computer may be configured to deteimine at least the first property, the second property and die third property of 
the specimen fiom the at least partially processed one or more ou^ut signals. Furthermore, the remote controller 
CQnq>uter may be configured to determine additional properties of the specimen fix>m the at least partially processed 
one or more output signab. In an additional ernbodhnent, die remote controller conqmter may be coupled to a 

30 process tool such as a semiconductor ^brication process tool. In dns manner, the remote controller computer may 
be fiirther configured to alter a parameter of one or more instruments coupled to the process tool in response to at 
least the determined first second or third property of the specimen using an in situ control technique, a feedback 
control -technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least tiiree properties of a specimeiL The 

35 method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen using the illumination system. The method may also 
include detecting energy propagating fiom the surface of the specimen using the detection system. The method 
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may fortlier include generatixig one or mote output sig^ Fuidiennoie, the 

method may include processing the one r more ou^utsiignals to determine at least a first property, a second 
property, and a third property f tlie specimen. 

In an enibodiinent, the first property may include a flatness measurement Thesecond 
S property may include a presence of defects on tiie specimen. The third property may include a thin film 

characteristic of the specimen. In addition, the processor may be configured to determine otiier properties of tlie 
specimen from the one or more output signals. In an additional embodiment, a semiconductor device may be 
£ibricated by the method. For example, the method may include forming a portion of a semiconductor device upon 
a specimen such as a semiconductor substrate. 

10 In an embodiment processing the one or more ou^mt signals to determine at least a first property, a 

second property and a diird property of die specimen may include at least partially processing die one or more 
ou^ut signals using a local processor. The local processor may be coiq>led to the measurement device. Processing 
the one or more output signals may also include sending the partially processed one or moro ou^ut signals fiom the 
local processor to a remote controller conq)uter. In addition, processing the one or moro output signals may mctude 

1 S further processing the partially processed one or more output signals using die remote controller computer. In an 
additional embodiment, the remote controller computer may be coi^led to a process tool such as a semiconductor 
fabrication process tooL In this manner, the method may include altering a parameter of one or more instruments 
coiq)led to the process tool using the remote controller coiiq>uter in response to at least the determined first or 
second property of die specimen. Altering the parameter of the instruments may include using an ia situ control 

QO technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a conq)ut6r-in9lemented mediod for controlling a system configured to 
determine at least duree properties of a specimen. The system may include a measurement device, fotfaismanner, 
controlling die system may include controlling die measurement device. Jn addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 

25 Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating fi-om the surface of die specimen. The method may also include generating 
one or more ou^ut signals in response to the detected energy. The con9uter-in:9)lemented mediod may further 
include processing the one or more output signals to determine at least a first property, a second property and a 

30 durd property of die specimen. For exanq>le, the first property may include a flatness measurement of the 
specimea The second property inay include a presence of defects on die spedmen. The third property may 
include a thin film characteristic of die specimen, hi addition, the processor may be configured to detmone other 
properties of die specimen finm the one or moro output signals. 

An embodiment relates to a system configured to determine at least two properties of a spedmea Ihe 

35 system may include a stage configured to support die specimen. The system may also include a measurement 
device coupled to the stage. Hie measurement device may include an illumination system configured to direct 
energy toward a surface of the spechnen. The measurement device may also include a detection system coupled to 
the illumhiation system. The detection system may be configured to detect energy propagating from the surface of 
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flie specimen, llie ineasmement device may also be configQied to general 

to the detected energy. The system may also include a processor coupled to the measurement device. The 
processor may be configmed to determine at least a first property and a second property f the specimen from the 
detected light 

S In an embodiment, die first property may inchide overlay misregistration of die specimen. The second 

property may include a flatness measurement of the specimen. In addition, die processor may be configured to 
determine odier properties of the specimen fiom die one or more output signals. In an embodiment, die 
measurement device may include a non-imaging scatterometer, a scatteiometer, a spectroscopic scatteiometer, a 
refiectometer, a spectroscopic reflectometer, a spectroscopic ellqisQmeter, a beam profile eDipsometer, a bright 

1 0 field imaging device, a dark field imaging device, a bright fidd and dark field imaging device, a coherence probe 
microscopd, an interference microscope, an int^erometer, an optical profilometer, a dual beam spectrophotometer, 
or any combination diereof. In this manner, the measnrement device may be configured to fimction as a single 
measurement device or as mnltq>le measurement devices. Because muitq)le measurement devices may be 
integrated into a single measurement device of the system, optical elements of a first measurement device, for 

1 5 exanq>le, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 
remote controller computer coupled to the local processor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller coiiq)uter may be configured to receive the 
at least partially processed one or more output signals fixmi die processor. In addition, die remote controller 

20 computer may be configured to determine at least die first property and die second property of die specimen from 
the at least partially processed one oi more output signals. Furthermore, die remote controller computer may be 
configured to determine additional properties of the specimen from die at least partially processed one or more 
oulput signals, hi an additional embodiment, the remote controller con:q>uter may be coupled to a process tool such 
as a semiconductor &brication process tool In this manner, die remote controller con^uter may be fiulher 

25 configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
determined first or second property' of die specimen usmg an in situ control technique, a feedback control 
technique, and/or a feedforward control technique. 

An additional embodiment relates to a method for determining at least two properties of a specimen. The 
method may mclude disposing a specimen upon a stage. The stage may be coupled to a measurement device. The 

30 measurement device may include an ilhnnmation system and a detection systent In addition, the method may 
mclude directing energy toward a surfiice of the specin:ien using die ilhmunatio^ The mediod may also 

include detecting energy propagatiiig from the surfiue of die speciniien using the detecti Themethod 
may furdier include generating one or more ou^ut signals in response to die detected energy. Furthermore, the 
method may include processing die one or more ou^ut signals to detennme at least a first property and a second 

35 property of the specimen, 

hi an embodiment, the first property may include overlay misregistration of the specimen. The second 
property may include a fiatness measurement of the specimen. In addition, the processor may be configured to 
detemune other properties of the specimen from die one or more ou^ut signals. In an additioizal embodiment, a 
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ggmicqnductar dgvice may be fahricaied by the metfaod. For exaxiqile, the method may inchidefonning a p ition 
of a semiconductor device yjpaa a specinm such as a semiconductor substrate. 

In an embodiment; processing the one or more ou^nit signals to determine at least a first property and a 
second property fthespecimenmay include at least partially processing the ne or more output signals using a 
5 local processor. Hie local processor may be coi:^led to the measurement device. Processing the one or more 

ou^ signals may also include sending the partially proceed one or more ou^t signals from die local processor 
to a remote controller computer. In addition, processing iht one or more output signals may include furdier 
processing the partially processed one or more output dgnals using the remote controller Inan 
additional embodiment, the remote controller conqmter may be covpled to a process tool such as a semiconductor . 

10 &faricationisocesstooL In this rnanner, die inetfaodxnayinchide altering a paraineter of one or more instiun 
coupled to the process tool using the remote controller computer in response to at least the determined fixst or 
secondproperty of the specimen. Altermg the parameter of the instruments may mchide using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a con[9uter-in:q)lem^ted method for controlling a system configured to 

15 determine at least two properties of a specimen. Hie system may include a measurement device. In this manner, 
controlling the system may include controlling die measm^ent device. In addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
surface of the specimen. AdditionaUy,controningfte measurement device may include controllmg die dete^^ 

20 system to detect energy propagating fi?om the surfece of the specinm. Hie method may also include generatxqg 
one or more output signals in response to the detected energy. The conqmter-inqylemented method may furdier 
include processing the one or more output signals to determine at least a first property and a second property of the 
specimen. For exanq)le, the first property may include overlay misregistration of the specimen. Hie second 
property may include a flatness measurement of die specimen. In addition, the processor may be configured to 

25 determine other properties of the specimen from the one or more output signals. 

An embodiment relates to a system configured to determine at least two properties of a specimen. The 
system may include a stage configured to support the specimen. Hie system may also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specimen. The measurement device may also include a detection system coupled to 

30 the illumination system. The detection system may be configured to detect energy propagatmg from the surfiu:e of 
thespecimen. Ilierneasurement device may also be configured to generate one or inoro output sign^ 
to the detected enetgy. The system inay also include a processor cotqiiled to the measureoaent device. Hie 
processor may be configured to detennme at least a first property and a second property of the specimen from the 
one or more output signals. 

35 In an embodiment, die first property may include a characteristic of an ino^lanted region of die specimen. 

The second property may include a presence of defects on the specimen. In addition, die processor may be 
configured to determine other properties of the specimen from the ne or more ou^ut signals. In an enobodiment, 
the measurement device may include a modulated optical lefiectometer, an X-ray reflectance device, an eddy 
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current device, a photo-acoustic device, a spectroscopic dli^someter, a spectroscopic leflectometer, a dual beam 
spectrophotometer, a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, an 
ellipsometer, a non-imaging bright field device, a non-imaging dark field device, a non-imaging bright field and 
daik field device, a bright field iTnagmg device, a field imaging device, a bright field and dark field imaging 
3 device, or any combination thereofl In this manner, Hit measurement device may be configured to function as a 
single measurement device or as multy>le measurement devices. Because mull^le measurement devices may be 
integrated into a single measurement device of the system, optical elements of a first measurement device, for 
exanple, may also be optical elements of a second measurement device. 

in an embodiment, the processor may inchide a local processor coiqiled to the measurement device and a 

1 0 remote controller coxtqmter coupled to die local processor. Hie local processor may be configured to at least 

partially process flie one or more ou^ut signals. Ihe remote controller conq>uter may be configured to receive the 
at least partially processed one or more output signals fiom the processor. In addition, the remote ccmtcoller 
computer may be configured to determine at least the first property and the second propeity of fhjd specimen firom 
the at least partially processed one or more output signals. Furthermore, the remote controller computer may be 

1 5 configured to determine additional properties of the specimen from the at least partially processed one or more 

output signals. In an additional embodiment, the remote controller con^uter may be coupled to a process tool sudi 
as a sCTuconductor&brication process tool In this manner, ^ remote controller coniputer may be further 
configured to alter a parameter of one or more mstruments coi^led to the process tool m response to at least the 
determined first or second property of the specimen using an in situ control technique, a feedback control 

20 technique, and/or a feedforward control technique. 

An additional embodinientrektes to a me&od for deteizxiixiiiig at least two pro Hie 
method may include disposing a specimen upon a stage. The stage may be coiq>led to a measurement device. The 
measurement device may mclude an illumination system and a detection system In addition, the method may 
include directing energy toward a surface of the specimen using the illumination system The method may also 

25 include detectmg energy propagating firom the surface of the specimen using the detection system The me^iod 
may further include generating one or more output signals in response to the detected energy. Furdiermore, the 
method may include processing &e one or more output signals to determine at least a first prop^ty and a second 
property of the specimen. 

In an enibodiment, the first property may include a characteristic of an implanted region of the specimen. 

30 The second property may include a presence of defects on the specimen. Jn addition, the processor may be 

configured to determine other properties of the specimen from the one or more ou^t signals. In an additional 
embodiment, a semiconductor device may be fiibricated by &e method. For example^ tiie method may include 
forming a portion of a semiconductor device i^n a specimen such as a semiconductor substrate. 

la an embodiment, processing die one or more output signals to determine at least a first property and a 

35 second property of the specimen may include at least partially processing the one or more output signals using a 
local processor. The local processor may be coiq)led to the measurement device. Processing the one or more 
output signals may also include sending the partially processed one or more output signals fiom the local processor 
to a remote controller computer. In addition, processing the one or more output signals may include further 
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processing the partially processed ne or more output signals using the remote controller coroputer. In an 
additional embodiment, the remote controller computer may be coupled to a process tool such as a semic nductor 
fabricati n process tooL In this manner, the method may include altering a parameter of one or more instruments 
coupled to the semiconductor fabrication process tool using the remote controller conq)Uter in response to at least 
5 the determined first or second property of the specimen. Altermg die parameter of the instruments may include 
using an in situ control technique, a feedback control technique, and/or a feedforward control technique. 

Additional enibodiments relate to a coziqmter-inqilementiBd method for controlling a system configured to 
determine at least two properties of a spechnen. The system may mchide a measurement device. Inlfaismanner, 
controlling flie system may include controlliug the measurement device. In addition, the measurement device may. 

10 include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 
sur&ce of the specimoi. Additionally, controlling ^ measurement device may include controlling the detection 
system to detect energy propagating from &e surface of the specimen. The method may also include generating 
one or more output signals in response to the detected energy. The computer-impleinented me&od may fur&er 

1 5 include processing the one or more output signals to determine at least a first property and a second property of the 
specimen. For example, the first property may include a characteristic of an in^lanted region of the specimen. The 
second property may include a presence of defects on the specimen. In addition, the processor may be configured 
to determme other properties of the spedmen from the one or more ou^ut signals. 

An embodinientrektes to a system configured to determine at least two properties of a spedni^ The 

20 system may include a stage configured to siqjport the specimen. The system may also inchxde a measurenoent 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of &e specimen. The measurement device may also mctude a detection system coupled to 
the illumination systent The detection system may be configured to detect energy propagating from the surface of 
the specimen. The measurement device may be configured to genemte one or more output signals in response to 

25 the detected light The system may also include a processor coupled to die measurement device. The processor 

may be configured to determine at least a first property and a second property of the specimen from the one or more 
output signals. 

hi an embodiment, die first property may include an adhesion characteristic of the specimen. The second 
property may include a thickness of die specimeiL In addition, the processor may be configured to determine other 

30 properties of the specimen horn the one or more output signals. In an embodiment, the measurement device may 
include an eddy current device, a photo-acoustic device, a spectroscopic ellipsometer, an elli^someter, an X-ray 
refiectoxneter, a grazing X-ray reflectometer, an X-ray diffractometor, or any combination thereof. In diis maimer, 
the measurement device may be configured to function as a single measurement device or as multiple measurement 
devices. Because multiple measurement devices may be integrated into a single measurement device of the system, 

35 optical elements of a first measurement device, for exaxnple, may also be optical elements of a second measurement 
device. 

In an embodiment, the processor may include a local processor coupled to the measurement device and a 
remote controller coinputer coupled to the local processor. The local processor may be configured to at least 
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partially process th one or more ou^ut signab. The remote controller coii^)uter may be configured to receive ^e 
at least partially processed one or more utput signals from the local processor. In addition, the remote controller 
conq}uter may be configured to determine at least the first property and the second property of the specimen &om 
the at least partially processed ne or more ou^ut signals. Furdieimore, the remote controller con^uter may be 
S configured to determine additional properties of the specimen from Ihe at least partially processed one or more 
ou^ut signals. In an additional embodiment, the remote controller computer may be coiq)led to a process tool such 
as a semiconductar&brication process tooL In tiiis manner, die remote controller conq)uter may be further 
configured to alter a parameter of one or more instruments coupled to tiie semiconductor fabrication process tool in 
response to at least &e determined first or second property of Ibt specimen usmg an in situ control technique, a 

10 feedback control technique, and/or a feedforward control technique. 

An additional embodiinentrektes to a inethod for detennining at least two pro^^ Hie 
method may include disposing a specimen upon a stage. The stage may be coi^led to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, the method may 
include directing energy toward a surface of the specimen using the illumination systeza The method may also 

1 5 include detecting energy propagating from the sur^ce of the specimen using the detection system. The method 
may finr&er include generating one or more ou^ut signals in response to the detected energy. Furfliennore, the 
method may mclude processing the one or more ou^ut signals to determine at least a first property and a second 
property of the specimeiL 

In an embodiment, Ihe first property may mchide an adhesion characteristic of ftte specimen. Hie second 

20 property may include a diickness of the specimen. In addition, the processor may be configured to determine other 
properties of ^ specimen from the one or more output signals. In an additional embodiment, a semiconductor 
device may be fiibricated by the me&od. For exarnple, the method may include forming a portion of a 
semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processmg &e one or more ou^ut signals to determine at least a first property and a 

25 second property of the specimen may include at least partially processing die one or more ou^ut signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
output signals may abo include sending die pardaUy processed one or more output signals from the local processor 
to a remote controller coiiQ)Uter. In addition, processing die one or more output signals may include further 
processing the partially processed one or more output signals using the remote controller con^uter. In an 

30 additional embodiment, die remote controller computer may be coupled to a process tool such as a semiconductor 
fabrication process tool. In this manner, the method may include altering a parameter of one or more instruments 
coupled to die process tool usmg the remote controller conq>uter in response to at least the determined first or 
second property of die specimert Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control techidque, and/or a feedforward control technique. 

3 5 Additional einbodiments relate to a computer-in^lemented medibd for controlling a system configured to 

determine at least two properties of a specimen. The system may include a measurement device. In diis maimer, 
controlling die system may include controlling the measurement device. In addition, die measurement device may 
include an illumination system and a detection system The measurement device may also be coupled to a stage. 
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Controlling tiie measurement device may include coi^ n system to direct energy toward a 

surfisu:e of tlie specimen. Additionally, controlling die measurement device may include c ntroUing tiie detection 
system to detect energy propagating fo>m the sur&ce of the specimen. The method may ab include genemting 
one or more ou^ut signals in response to tiie detected energy. The con9uter-inq>lemented mediod may further 
S include processing the one or more ou^ut signals to deteimine at least a first property and a second property of &e 
specimen. For exaiiq)le, the first property inay include an adhesion diaracteristic of the speciinen. The second 
property may include a thickness of the specimen. In addition, the processor may be configured to deteimine other 
properties of ^ specimen &om the one or more ou^ut signals. 

An embodhnent relates to a system coiifigured to deteinune at least two properfi^ The . 

10 system may include a stage configured to support tiie specimen. The system m^ also include a measurement 
device coupled to the stage. The measurement device may include an illumination system configured to direct 
energy toward a surface of the specimen. The measurement device may also include a detection system coi^led to 
the ilhmunation system. Hie detection system may be configured to detect energy propagating fiom the sur&ce of 
the specimen. The measurement device may be configured to generate one or more ou^ut signals in response to 

15 the detected energy, Tliesystemmay also include a processor coupled to tiie measurement device. The process 

may be configured to determine at least a first property and a second property of the specimen from tiie one or more 
output signals. 

In an embodiment, the first property may include a concentration of an element in the specimen. The 
second property may include a tiiickness of the specimen. In addition, the processor may be configured to 

20 determine other properties of the specimen from the one or more output signals. In an embodiment tiie 

measurement device may include a photo-acoustic device, an X-ray refiectometer, a grazing X-ray zeflectometer, 
an X-ray dif&actometer, an eddy current device, a spectroscopic ellipsometer, an ellipsometer, or any combination 
thereof. In this manner, the measurement device may be configured to function as a smgle measurement device or 
as multiple measurement devices. Because multiple measurement devices may be integrated into a single 

25 measurement device of the system, optical elements of a first measurement device, for exaiiq>le, may also be optical 
elements of a second measurement device. 

In an embodiment, die processor may include a local processor coupled to the measurement device and a 
remote controller computer coupled to the local processor. The local processor may be configured to at least 
partially process the one or more output signals. The remote controller conqiuter may be configured to receive the 

30 at least partially processed one or more output signals fiiom tiie processor. In addition, tiie remote controller 

computer may be configured to determine at least the first property and the second property of the spedmen fiom 
the at least partially processed one or more output signals. Furthermore, the remote controller coo^uter may be 
configured to determine additional properties of tiie specimen fiom the at least partially processed one or more 
output signals. In an additional embodiment, the remote controller conq)uter may be coupled to a process tool such 

35 as a semiconductor fabrication process tool. In this manner, the remote controller con^)uter may be further 

configured to alter a parameter of one or more instruments coi^led to the process tool in response to at least the 
detennined first or second property of the specimen using an in situ control technique, a feedback control 
technique, and/ r a feedforward control technique. 
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An additional exnbodiincnt relates to a method for deteni^^ properties of a specixnezL The 

method may inchide disp sing a specimen yxpon a stage. Ihe stage may be coupled to a measurement device. The 
measurement device may include an illumination system and a detection system. In addition, tiie method may 
include directing energy toward a surfsice of die specimen using die illumination system. The method may also 
5 include detecting energy propagating ftom the surface of the specimen using the detection systesL The mediod 
may finlher include generatmg one or more ou^ut signals in response to tiie detected energy. Furfiiennore, flie 
mediod may include processing die one or more output signals to detramine at least a first property and a second 
property of the specimen. 

&i an eoibodhnent, die first property may mclude a concentration ofan dement in die spro The 

10 second pniperty may mclude a thickness of die spechnen. Diaddidon, the processor may be configured to 

determine other properties of the specimen from die one or more ou^ut signals. In an additional embodiment, a 
semiconductor device may be febricated by the method. For example, die method may include forming a portion 
of a semicondactor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more output signals to determine at least a first property and a 

1 5 second property of the specimen may include at least partially processing the one or more output signals using a 
local processor. The local processor may be coupled to die measurement device. Processing the one or more 
ou^ut signals may also include sending the partially processed one or more output signals from die local processor 
to a remote controller con^uter. In addition, processing the one or more output signals may include fiirdier 
processmg die partially processed one or more output signals using die remote controller computer. In an 

20 additional enibodiment, die remote controller conqniter may be coupled to a process tool such as a semiconductor 
&brication process tool. In diis manner, die method may include altering a parameter of one or more instraments 
coiqpled to die process tool using die remote controller conqniter m response to at least the detemuned first or 
second property of the specimen. Altering the parameter of the instruments may include using an in situ control 
techiuque, a feedback control tedmique, and/or a feedforward control technique. 

25 Additional embodiments relate to a computer-inq)lemented method for controlling a system configured to 

determine at least two properties of a specimen. Hie system may include a measurement device. In this manner, 
controlling the system may include controlling the measurement device. In addition, the measurement device may 
include an illumination system and a detection system. The measurement device may also be coupled to a stage. 
Controlling the measurement device may include controlling the illumination system to direct energy toward a 

30 surface of die specimen. Additionally, controlling the measurement device may include controlling the detection 
system to detect energy propagating from the sur£u:e of the specimen. The method may also include generating 
one or more ou^t signals in response to die detected energy. Ihe conqmter*hnpleinented mediod xnayfinther 
include processing the one or more output signals to determine at least a first property and a second property of die 
specimen. Forexariq>le,diefirstpropertyinay ixicludeaconcentcationof anelementtndiespedmen. Ihe second 

35 'property may mclude a tiiickness of die specimen. In addition, die processor may be configured to detemiine other 
properties of the specimen from die one or more output signals. 

An embodiment relates to a system coiq>led to a deposition tool The deposition tool may be configured to 
form a layer of material on a qiedmen. The layer ofmaterial may ]be formed on the specimen by the dq)ositi n 
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tooL The ineasuiemeiit device inay be coofiguied to fa layer of material pii rto, 

daring, or after fonnation of the layer. The system may indude a stage configured to siqipoit the spedmea. ITie 
measurement device may include an illumination system configured to direct energy toward a surface of the 
spechnen prior to, during ,or after f rmation of the layer. The measurement device may also include a detection 
5 system coupled to the illumination systenL The detection system may be configured to detect energy propagatmg 
from tibie surface of ttie specimen prior to, during, or after fomiation of tiie layer. The measurement device may be 
configured to generate one or more ou^ut signals in response to the detected energy. The system may also include 
a processor coupled to the measurement device. Hie processor may be configured to determine a characteristic of 
the layer fi:om the one or more ou^ut signals. The processor may also be coi^led to the deposition tool. The 

10 processor may be con^gured to alterapazamet^ of one or more instrumenls coupled to the deposition tool. 

Additionally, die processor may be configured to alter a parameter of the instruments coiq>led to the deposition tool 
in response to the determined characteristic of ^ fonned layer. 

In an embodiment, the measurement device may inchide a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, an ell^someter, a spectroscopic 

15 ellipsometer, a bright field imaging device, a daric field imaging device, a bright field and dark field imaging 
device, a coherence probe microscope, an interference microscope, an optical profilometer, or any combination 
' thereof. In diis manner, the measurement device noay be configured to function as a single measurement device or 
as multiple measurement devices. Because mult^le measurement devices may be integrated into a single 
measurranent device of the system, optical elements of a first measurement device, for exanople, may also be optical 

20 elements of a second measurement device.- The deposition tool may inchide any tool configured to form a layer 
upon a semiconductor substrate. Deposition tools may include chemical vapor deposition tools, physical vapor 
deposition tool, atomic layer deposition tools, and eledroplatmg tools. 

In an embodiment, the processor may include a local processor coupled to the measurement device and/or 
the deposition tool and a remote controller computer coupled to the local processor. The local processor may be 

25 configured to at least partially process tiie one or more output signals- The remote controller conqmter may be 

configured to receive the at least partiaUy processed one or more output signals from the processor. In addition, die 
remote controller computer may be configured to determine a characteristic of the formed layer on the specimen 
from the at least partially processed one or more output signals. Furthermore, the remote controller con^uter may 
be configured to determine additional properties of the spechnen from the at least partially processed one or more 

30 output signals. The remote controller con^uter may also be coiq)led to a deposition tool In this manner, the 
remote controll^ c(»xq)uter may be further configured to alter a parameter of one or more instruments coupled to 
the deposition tool in response to at least the determined characteristic of a layer formed upon die specimen using 
an in situ control technique, a feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a mediod of evaluating a characteristic of a layer formed xxpoa a 

35 specimen. The mediod may include depositing a layer upon a specimen using a deposition tool The measurement 
device may inchide an illumination system and a detection system In addition, die method may include directing 
energy toward a surface of the specimen using the illumination system. The method may also include detecting 
energy propagating from the surface of die specimen using the detection systera The method may further include 
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generating one or more n^put signals in response to &e detected light Fuithennore,&enietibiod may include 
processing the one or more ufput signals to determine a characteristic of the formed layer. 

In an embodiment the processor may be configured to determine a characteristic f the formed layer. In 
addition, the processor may be configured to determine other properties of the specimen from tiie ne or more 
5 output signals. In an additional embodiment, a semiconductor device may be fabricated by the mediod. For 
example, the method may include forming a portion of a semiconductor device upon a specimen such as a 
semiconductor substrate. 

In an embodiment, processing flie one or more ou^t signals to determine a characteristic of a formed 
layer may inchide at least partiaUyprocessmg the one or more ou^t signals ush^ a local pro^ Thelocal . 

10 processor may be coi^led to the measurement device. Processing die one or more ou^t signals may also include 
sending the partially processed one or more output signals fiom the local processor to a remote controller conqmter. 
Jd. addition, processing the one or more output signals may include &rther processing die partially processed one 
or inore output signals using the remote controller conqniter. In an additional embodiment, the remote controller 
con^uter may be coiq)led to die deposition tool. In this maimer, the method may include altering a parameter of 

1 5 one or more instruments coupled to the deposition tool using the remote controller computer in response to at least 
the determined characteristic of the formed layer on the specimen. Altering the parameter of the deposition tool 
may include using an in situ control technique, a feedback control tecimique, and/or a feedforward control 
technique. 

Additional embodiments relate to a con:q>uter-in^lemented method for controlling a system that includes a 

20 deposition tool and a measurement device. Q>ntrolling ^ system inay include controlling the xneasurement 

device, the deposition tool, or both. In addition, the measurement device may include an illumination system and a 
detection system. The measurement device may also be coiq>led to a stage. Controlling die measurement device 
may include controlling the illumination system to direct energy toward a surfiEice Additionally, 
controlling the measurement device may include controlling the detection system to detect energy propagating from 

25 the surface of the specimen. The method may also include generating one or more output signals in response to the 
detected energy. The coiiQ>uter-implemented method may further include processing the one or more ou^ut 
signals to determine at least a characteristic of the layer as it is formed or after it is formed. In addition, die 
processor may be configured to determine odier properties of the specimen fiom the one or more output signals. 

An embodiment relates to a system that inchides an etoh tool coupled to a beam profile ellipsometer. The 

30 etch tool may be configured to direct chemically reactive and/or ionic species toward a specimen. Hie beam profile 
ellipsometer may be configured to detemoine a property of an etohed region of die specimen during or after the 
etching process. The beam profile ellipsometer may include an ilhunination system configured to direct an incident 
beam of light havmg a known polarization state toward a surface of the specimen during or after etohing of the 
specimen. The measurement device may also include a detection system coiq}led to die illumination system. The 

35 detection system may be configured to generate one or more output signals representative of lig^t returned fiom the 
specimen daring or after etching of the specimen. The system may also inchide a processor coupled to the 
measurement device. The processor may be configured to determine a property of the etched region of a specimen 
fiom the one or more output signals. The processor may also be coupled to the etch to L Hie processor may alter 
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apaiaixieterof oneorxooieinstniixientscoiqtledtolbee^ Addxtionally.ttiBpxocessoTXxiay be configured to 
alterapatametBr ftfaeinstnimentscoiipledtotheetchtDolmiesp^ 

In an embodiment^ the system may also include a nan-imaging scatteiometer, a scatterDmeter, a 
spectroscopic scatterometer, a rcflectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic 
5 ell^someter, a bright field and/or dark field imaging device, a bright field and/or dadc field non-imaging device, a 
coherence probe microscope, an interference microscope, or any combination diereof. In this manner, the system 
may be configured to function as a single measurement device or as mult^le measurement devices. Because 
tmiltiple measurement devices may be integrated into a single measurement device of the system, optical elements 
of a first msasmcmait device, for example, may also be optical elements of a second measmvment device. 

10 In an embodiment, the processor may include a local processor coupled to the beam profile ell^someter 

and/or the etch tool and a remote controller computer coi^led to &e local processor. The local processor may be 
configured to at least partially process to one or more output signals. The remote controller conqmter may be 
configured to receive the at least partially processed one or more output signals firom &e processor, hi addition, the 
remote controller computer may be configured to determine a property of an etched region on the specimen firom 

IS the at least partially processed one or more output signals. Furtiiennore, die remote controller computer may be 
configured to determine additional properties of the specimen from the at least partially processed one or more 
output signals. The remote controller con:Q)uter may also be coiq)led to a etch tool. In ^ manner, the remote 
controller computer may be further configured to alter a parameter of one or more instruments coupled to die etch 
tool in response to at least the determined property of the etched region of the specimen using an in situ control 

20 technique, a feedback control technique, and/or a feedforward control technique. 

An additional embodiment relates to a mediod of evaluating an etched region of a specimen with a beam 
profile eUtpsometer. The method may include etching a layer t^on a specimen using an etch tool. The beam 
profile elHpsometer may include an illumination system and a detection systent In addition, die mediod may 
include directing light toward a surface of the specimen using the illumination systenL The mediod may also 

25 include detecting light propagating team die sur&ce of the specimen using the detection system. The mediod may 
further include generating one or more output signals in response to the detected light Furthermore, die method 
may include processing the one or more output signals to a property of the etched region of the specimen. In 
addition, the mediod may include processing the one or more output signals to determine other properties of die 
specimen fi:om the one or more output signals. In an additional embodiment, a semiconductor device may be 

30 fabricated by the mediod. For example, the method may include forming a portion of a semiconductor device upon 
a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more ou^t signals to detem:ime a property of an etched region 
of a specimen may include at least partially processing the one or more output signals using a local processor. The 
local processor may be coupled to the beam profile ellq>someter. Processing the one or more ou^t signals may 

3 5 also include sending the partially processed one or more ou^ut signals &om the local processor to a remote 

controller computer. In addition, processing the one or more ou^ut signals may include furdier processing die 
partially processed one or more output signak using the remote controller coiiq>uter. In an additional embodiment, 
die remote controller conq>uter may be coupled to the etch to L In this manner, die method may include altering a 
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parameter of ne r more insttuments coupled to the etch tool using fte remote controller conqiuter in response to 
at least the determined characteristic f the fonned layer on the spedmezL Altering tibe parameter of &e etch tool 
may include using an in situ control technique, a feedback control technique, and/or a feedforward control 
technique. 

5 Additional embodiments relate to a conq>uter-ia:^lemented method for controlling a system that includes 

an etch tool and a beam profile e]lq>5ometer. Controlling flie system may include controlling the beam profile 
ellipsometer, die etch tool, or botih. In gHHitiQn^ the beam profile ellipsQmeter may inchide an illumination system 
and a detection system. The beam profile ellQ)SQnieter may also be coiq>]ed to a stage. Controlling tiie beam 
profile ell^someter may inchide controlling the illumination system to direct light toward a sut&ce of the 

10 specimen. AddidonaUy, controlling the beam profile ellipsoiiieter may inclu^ 

detect hgfatpropagatmg from the surface of the specinien. llie inetfaod may also iziclnde generating one or more 
output signals in response to the detected light .The computer-implemented method may fiirdier inchide processing 
the one or more ou^ut signals to determine at least a property of an etched region of a specimen during etching, 
after the region is etched, or botL In addition, the processor may be configured to determine other properties of the 

1 5 specimen from the one or more ou^ut signals. 

An embodiment relates to a system that includes an ion inq)lanter coupled to a measurement device. Ihe 
measurement device may be configured to determine at least a characteristic of an ]ixq)lanted region of a specimen. 
The measurement device may be configured to determine a characteristic of an implanted region of a specimen 
during or aftoinqilantation of the specimen. The system inayiiiclude a stage configured to si)^)pQrt die specixnen. 

20 The measur^nent device may include an illumination system configured to periodically direct two or more beams 
of light toward a surface of die specimen during or after iiiq)lantation. In one end>odnnen^ die measurement device 
may direct an incident beam of light to a specimen to periodically excite a region of the specimen during 
implantation. Additionally, die measurement device may direct a san^le beam of light to the excited region of the 
specimen. The measurement device may also include a detection system coi^led to the illumination system. The 

25 detection system may be configured to measure an intensity of the sanq)le beam reflected fi:om the excited region of 
the specimen. The measurement device may also be configured to generate one or more output signals in response 
to the measured intensity. 

The system may also include a processor coiq>led to the ineasurement device. The processor may be 
configured to determine a characteristic of an implanted region ficom the one or more ou^nit signals. The processor 

30 may also be coupled to die ion in^lanter. The processor may be configured to alter a parameter coupled to one or 
more instruments coij^led to die ion in:Q)lanter. Additionally, the processor may be configured to alter a parameter 
of one or more instruments coupled to die ion inq)lanter in response to the determined characteristic of the 
iniplanted region. 

In an embodiment, the measurement device may include a non-imaging scatterometer, a scatterometer, a 
35 spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, a bright field and/or dark field imaging 
device, a bright field and/or dark field non-imaging device, a coherence probe microscope, an interference 
microscope, an optical profilometer, a modulated optical reflectance device, or any combination thereof. In this 
manner, die measurement device may be configured to function as a single measurement device or as multq)l 
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measureixient devices. Because multq)le xneasuiement devices may be integrated into a single measurement device 
of Hie system, pticaleleinentsofafiistineasuzenient device, for exanq>le, may also be optical elem^ fa 
second measiirement device. 

In an embodiment, the processor may include a local processor coupled to die measurement device and/or 
5 the ion iu^lanter and a remote controller computer coupled to the local processor. The local processor may be 
configured to at least partially process the one or more output signals. The remote controller computer may be 
configured to receive Ihe at least partially processed one or more output signals &Qm die processor. Jn addition, Ihe 
remote controUer conqniter may be cozifigured to determine a chaiact^ of the inq)lanted region of the specimen 
fix)m die at least partially processed one or more ou^nit signals. Furthermore, die remote controller conqiuter may, 

10 be configured to detemnne additional pn>pertiesofdie specimen fiom the at least part 

ou^tsignals. The remote controller conqnxterniay also be coi^led to an ion ni9>lanter. la dus manner, die 
remote controller con:q>uter may be furdier configured to alter a parameter of one or more instmments coupled to 
die ion implanter in response to at least die determined property of die ion inQ}lantation region of die specinm 
using an in situ control technique, a feedback control technique, and/or a feedforward control technique. 

IS An additional embodiment relates to a mediod of evaluating an implanted region of a specimen. The 

method may include in:q)lanting ions into a region of a specimen using an ion inq}lanter. The measurement device 
may include an iOununation system and a detection systeoL In addition* die mediod may include directing an 
incident beam of light toward a region of the specimen to periodically excite the region of the specimoi during 
inq>lantation or after implantation. A sanq)Ie beam may also be directed to the excited region of tiie specimen. The 

20 mediod may also include measuring an intensity of light propagating firom the excited region of die specimen using 
die detection systeuL The method nmy furdier include generating one or more ou^mt signals in response to the 
measured intensity. Furthermore, the method may include processing die one or more output signals to detemune a 
characteristic of the inq>lanted region. In addition, the method may include processing the one or more ou^ut 
signals to detemune odier properties of the specimen from die one or more output signals. In an additional 

25 embodiment, a semiconductor device may be fabricated by the method. For exan^le, the method may include 
forming a portion of a semiconductor device upon a specimen such as a semiconductor substrate. 

In an embodiment, processing the one or more ou^ut signals to determine a property of an ion 
iniplantation region may include at least partially processing the one or more output signals using a local processor. 
The local processor may be coupled to the measurement device. Processing die one or more output signals may 

30 also include sending the partially processed one or more output signals &om the local processor to a remote 

controller con^uter. In addition, processing die one or more output signals may include furdier processing die 
partially processed one or more output signals using the remote controller computer. In an additional embodiment, 
the remote controller con:q)uter may be coupled to the ion implanter. In this manner, the method may include 
altering a parameter of one or more instruments coupled to the ion implsnteT using the remote controller canq}uter 

35 in response to at least the determined property of die ion iiq)lanted region of the specimen. Altering die parameter 
of the ion implanter may include using an in situ control technique, a feedback control technique, and/or a 
feedforward control technique. 

Additional embodiments relate to a computer-implemented method for controlling a system that includes 
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an ion Trn plante r and a mieasuiement device. Controlling the system may include controlling the measurement 
device, the ion implanter, rboth. In addition, ^ measuieinent device may include an illomiziation system and a 
detection system. The measurement device may also be coiq>led to a stage. Controlling the measurement device 
may include controlling the illumination system to direct light toward a surfece of the specimen. Additionally, 
5 controlling the measurement device may include controlling the detection system to detect light propagating from 
the sur&ce of &e spedmen. The method may also inclnde generating one or more ou^ut signals in response to Ae 
detectedlighL llie conqmter-in9)lementBd method may further incl!^ 

to determine at least a cbaiacteristic an in^lanted region of die specimen. In addition, the me&od may mchtde 
determining other properties of the specimen fiom the one or more ou^t signals. 

10 An embodiment relates to a system Haat inchides a process chamber coiq)led to a measurement device. 

The process chamber may be configared to £dnicate a portion of a seinicoi^^ The 
measurement device may be configured to determine a presence of defects on a specimen. The measurement 
device may be configured to determine a presence of defects on a specimen prior to, during, or after fabrication of a 
portion of the semiconductor device on the specimen. In one embodiment, the measurement device may be 

15 configured to detect micro defects. The system noiayiriclude a stage configured to support the spedmen. The stage 
may be configured to rotate. 

The measurement device n:iay include an illumination system configured to direct energy toward a surface 
of die specimen prior to, during, or after fabrication. Additionally, the measurement device may be configured to 
direct energy toward a surface of die spechnen while ti^e stage is stationary or while t^ The 

20 ixieasurementdeviceixiay also include a detection system coupled to die iUurnination system The detection system 
may be configured to detect energy propagating fiom the surfu^e of die specimen. The detection system may detect 
energy prior to, during, or after fabricatioiL The detection system may also be configured to detect energy while 
the stage is stationary or rotating. The measurement device may also be configured to generate one or more output 
signals in response to the detected energy. 

25 The system may also include a processor coupled to the measurement device. The processor may be 

configured to a presence of defects on a surface of die specimen from die one or more ou^ut signals. The 
processor may also be coupled to die process chamber. The processor may control a parameter of one or more 
instruments coiqiled to the process chamber. Additionally, die processor may be configured to alter a parameter of 
one or more instruments coupled to the process chamber in response to die detection of micro defects on the sur&ce 

30 of the specimen. 

In an embodiment the measurement device may include a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a refiectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic 
ellipsometer, a bright field and/or dark field imaging device, a bright field and/or dark field non-imagmg device, a 
coherence probe microscope, an interference microscope, an optical profilometer, or any combmation diereof. In 
35 this manner, the measurement device may be configured to function as a single measuremmt device or as multiple 
measurement devices. Because multiple measurement devices may be integrated into a single measurement device 
of the system, optical elements of a first measurement device, for exan^le, may also be optical elements of a 
second measurement device. 
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In an embodiment, the processor may include a local process r coiq^led to die measurement device and/or 
the process chaxxiber and a remote controller computer coi9>ied to tiie local process r. The local processor may be 
configured to at least partially process the one or more on^t signals. The remote controller conqniter may be 
configured to receive die at least partially pr cessed ne or more utput signals fix>m the local processor. In 
S addition, the remote controller computer may be configured to determine a presence of defects on the specimen 
from the at least partially processed one or more ou^ut signals. Furthermore, fle remote controller conq)uter may 
be configured to determine additional prq>erties of the specimen from the at least partially processed one or more 
output signals. The remote controDerconpitBriiiayabo be coi^led the process chamber In this manner, Qie 
remote controller computer may be further configured to alter a parameter of one or more instruments coupled to . 

10 die process chamber in response to a detsrmmed presence of defects on the spedmea using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

An additional enibodiment relates to a method of evaluating a presence of defects on a surface of a 
specimen using a system that includes a process tool and a measurement device. The method may be used to detect 
a presence of micro defects on a specimen. The method may include fabricating a portion of a semiconductor 

1 5 device on a specimen using a process tool The measurement device may include an illumination system and a 
detection system. In addition, die method may include directing energy toward a surface of the specimen. The 
method may also include detecting energy propagating from the specimen using the detection system. The method 
may furdierinclucte generating one or iiiore output dgnals in response to die detected Furthermore, the 

method may mclude processmg die one or more output signals to determine a presence of defects on the specimen. 

20 The measurement device may be configured to detemune die presence of defects prior to, during, or after a process. 
The specimen may also be placed on a stage. The mediod ooay inchide determining a presence of defects on the 
specimen while the stage is stationary or a y/bUe the stage is rotating . 

In addition, the method may include determining other properties of the specimen from the one or more 
output signals. In an additional ernbodiment, a seriiiconductor device naay be fabricated by the mcdiod. For 

25 example, the mediod may include forming a portion of a soniconductor device upon a specimen such as a 
semiconductor substrate. 

Jn an embodiment, processing the one or more output signals to determine a presence of defects on a 
specimen may include at least partially processing the one or more output signals using a local processor. The local 
processor may be coiq>led to the measurement device. Processing die one or more output signals may also include 

30 sending die partially processed one or more ou^mt signals fiom die local processor to a remote controller concputer. 
In addition, processmg die one or more output signals may include further processing the partially processed one 
or more output signals using tlie remote controller computer. In an additional enibodiment; the remote controller 
computer may be coupled to the process tool In this maimer^ the mediod may include altering a parameter of one 
or more instraments coupled to the process tool using the remote controller computer in response to the one or 

35 more output signals. Altering the parameter of die process tool may include using an in situ control technique, a 
feedback control technique, and/or a feedforward control technique. 

Additional embodiments relate to a con:q)uter-in^lemented method for controlling a system that includes a 
process tool and a measurement device. Controlling the system may inchide CQntroUii^ die measurement device. 
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the process tool, or both. In addition, die measurement device may include an iUumination system and a detection 
system. Ihe measurement device may also be coi^led to a stage. Controlling ^measurement device may include 
controlling the illumination system to direct energy toward a surface of die specimen. Additionally, controlling the 
measurement device may include controlling the detection system to detect energy propagating from die surface f 
S Ihespedm^ The mediod may also inchidegeneiatmg one or moire output signak 
energy. The conqputer-in[q>lementedniediod may further include pn>cessi^ 

determine a presence of defects on the specimen prior tOy during, or subsequent to In addition, the 

processor may be configured to detennine o&er properties of tibe specimen from the one or more ou^ut signals. 

An embodiment relates to a system fbat may be configured to determine a presence of defects on inultq>le 

10 surfaces of a specimen. The system may inchide a stage configured to support the specimen. Ihe system may also 
include a measurement device coupled to tiie stage. The stage may be configured to move. The measurement 
device may include an illumination system configured to direct energy toward a front side and a back side of die 
specimen. The illumination system may be used while the stage is stationary or moving. The measurement device 
may also include a detection system coupled to the iUumination systenL The detection system may be configured 

15 to detect energy propagating along muliipie pauis from the front and back sides of the specimen. The system may 
also include a processor coupled to die measurement device. The measurement device may be configured to 
generate one or more output signals in response to the detected light The processor may be configured to 
determine a presence of defects on the front and back sides of the specimen from die one or more output signals. 

In addition, the processor may be configured to detemnne odier properties of the specnnen from die one or 

20 more ou^t signals. In an embodiment, die measurement device may include a non-imaging scatterometer, a 
scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic refiectometer, an eltipsometer, a 
spectroscopic ell^>someter, a bright field and/or dark fiekl imaging device, a bright field and/or dark field non- 
imaging device, a coherence probe microscope, an interference microscope^ an optical profilometer, or any 
combination thereof. In this manner, the measurement device may be configured to fimction as a single 

25 measurement device or as multiple measurement devices. Because multiple measurement devices may be 

integrated into a single measurement device of the system, optical elements of a first measurement device, for 
example, may also be optical elements of a second measurement device. 

In an embodiment, the processor may include a local processor coupled to die measurement device and a 
remote controller computer coupled to die local processor. The local processor may be configured to at least 

30 x'sitially process Ihe one or more output signals. The remote controller computer may be configured to receive die 
at least partially processed one or more oatpat signals from die processor. In addition, the remote controller 
conqmter may be configured to determine a presence of defects on the front and back sides of Ihe specimen from 
the at least partial^ processed one or more output signals. Furthermore, the remote controller computer may be 
configured to determine additional properties of die specimen from the at least partially processed one or mm 

35 output signals. In an additional embodiment, the remote controller con^uter may be coupled to a process tool such 
as a semiconductor fabrication process tool In diis manner, the remote controller conqiuter may be furtiier 
configured to alter a parameter of one or more instruments coupled to the process tool in response to at least the 
determined first or second property of the specimen using an in situ control technique, a feedback control 
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tedmique, and/or a feedforward conlrol technique. 

An additional embodiment relates to a me&od for determining defects n multtple snr&ces f a specimen. 
The method may include disposing a specimen upon a stage. The stage may be coupled to a measurement device. 
The measurement device may include an illumination system and a detection system. In addition, die method may 
5 include directing eneigy toward a firont side and aback side of the specimen usiog die illumination system. The 
me&od may also include detecting energy propagating along multq)le padis fiom the fiont and back sides of the 
specimen using the detection system. Iliemelhod may further iuclude generating one or more ou^ut signals in 
response to the detected eneigy. Furttiennore, die method may include processing &e one or more output signals 
detemiine the presence of defects on die finmt and back sides of ^ specimen. 
10 In addition, the processor may be configured to detennine other properties of the spedmen from the one or 

more output signals, in an additional embodinient, a sennconductor device may be &bricated by the me^ For 
example, the method may include famiing a portion of a semiconductor device \spoa a specimen such as a 
semiconductor substrate. 

In an embodiment, processing the one or more output signals to determine the presence of defects on 

1 5 multqDle surfaces of the specimen may include at least partially processing die one or more output signals using a 
local processor. The local processor may be coupled to the measurement device. Processing the one or more 
ou^ut signals may also include sending the partially processed one or more ou^ut signals from the local processor 
to a remote controller conqiuter. In addition, processing the one or more ou^ut signals may include furtiier 
processing the partially processed one or more output signals using die reniote controller Inan 

20 additional embodiment, the remote controller computer may be coupled to a process tool such as a semiconductor 
faibrication process tooL In this manner, the method may include altenng a parameter of one or more instruments 
coupled to die process tool using the remote controller con^uter in response to a detennined presence of defects on 
niult9>le surfaces of the specimeiL Altering the parameter of the instruments may include using an in situ control 
technique, a feedback control technique, and/or a feedforward control technique. 

25 Additional embodiments relate to a computer-inq)lemented method for controlling a system configured to 

detennine defects on multiple surfaces of a specimen. The system may include a measurement device. In this 
manner, controlling die system may include controlling die measurement device. In addition, die measurement 
device may include an illumination system and a detection systeoL The measurement device may also be coupled 
to a stage. Controlling the measurement device may include controlling the illumination system to direct energy 

30 toward a sur&ce of the specimen. AdditionaUy, controlling the nieasurement device may include controllmg ft^ 
detection system to detect energy propagating fix»m die surface of the specimen. The stage may be configured to 
move. The mediod may also include controlling the stage such that the specimen is moved during analysis. The 
mediod noay fixrdier include generating one or more output signals in response to the detected eneigy. The 
computer-implemented method may further include processing the one or more output signals to detennine a 

35 presence of defects on multiple surfaces of the specimen. 

In an embodiment, any of the systems, as described herein, may be used during the production of a 
semiconductor device. A semiconductor device may be formed using one or more semiconductor processing steps. 
Each processing step may cause a change to a specimen. After a processing step, a portion of the semiconductor 
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device may be foimed tq)on a specimen. Prior to, during^ or subsequent to a processing step, the specimen may be 
placed n a stage f a system configured to detemiine at least two properties of tiie specimen. The system may be 
configured according to any f the above embodiments. 

Aiter &e first and second properties are detemiined, these properties may be used to determine further 
processing steps for formation of die semiconductor device. For exanq>le, die system may be used to evaluate if a 
semiconductor process is performing adequately. If a semiconductor process is not perfomiing adequately, data 
obtained from the system naay be used to determine ftrttier processing the specimen. In another embodiment, 
detection of an incorrectly processed specimen may indicate fliat the specimen should be removed firom tiie 
semiconductor process. By using a multq>le analysis system such as described above, processing of semiconductor 
devices may be enhanced. The time required fbr testing may be reduced. Also, die use of multiple tests may 
ensure that only apparently properly processed spedmens are advanced to die next processing steps. In diis 
manner, yield of semiconductor devices may increase. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the invention will become apparent upon reading the following detailed 
description and upon reference to die accompanying drawings in which: 

Fig. 1 depicts a schematic top view ofaneoabodimeiit of a specimen having a plurality o 
plurality of defects on a surface of a specimen; 

Fig. 2a depicts a schematic top view of an embodiment of a stage configured to move rotatably during use 
and a measurement device configured to move linearly during use; 

Fig. 2b depicts a schematic top view of an embodiment of a stage configured to move rotatably during use 
and a stationary nieasurement device; 

Fig. 3 depictsaschematicsideviewof an enibodiment of a system having oiieiUuminationsy^^ 
one detection system; 

Fig. 4 depicts a schematic side view of an embodiment of a system having multiple illumination systems 
and one detection system; 

Fig. 5 depicts a schematic side view of an embodiment of a system having multiple illumination systems 
and multiple detection system; 

Fig. 6 depicts a schematic side view of an embodiment of a system having one illumination system and 
multq)le detection systems; 

Fig. 7 depicts a schematic side view of an erdbodiment of a system having one illuminatLon system and 
miilt^le detection systems; 

Fig. 8 depicts a schematic side view of an embodiment of a specimen; 

Fig. 9 depicts a schematic top view of an embodiment of a system having aphirahty of measurement 

devices; 

Fig. 10 depicts a schematic side view of an embodiment of a system configured to determine a critical 
dimension of a specimen; 

Fig. 1 la depicts a schematic side view of an embodiment of a measurement device configured to 
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detenxiixie a critical dimensioii of a speciiueii; 

Fig. lib dq>ict5 a schematic side view of an eoibodiQieiit of a sofazneasuzement device coofigiixed 
to detennine a critical diznension fa specimen; 

Fig. 12 depicts a schonatic side view fan embodiment of a system oonfignied to detenune multiple 
properties of multiple sur&ces of a specimen; 

Fig. 13 depicts a schematic top view of an embodiment of a system coupled to a semiconductor fabrication 
process tool; 

Fig. 14 depicts a perspective view ofanembodtnientofa system configqied to be coi^le^ 
semiconductor &brication process tool; 

Fig. 15 depicts a perspective view of an embodiment of a system coi^led to a semiconductor fabrication 
process tool; 

Fig. 16 depicts a schematic side view of an embodiment of a system disposed widiin a measurement 
chaniber, 

Fig. 17 depicts a schen:iatic side view of an embodiment of a measurement chamber arranged laterally 
proximate to a process chamber of a semiconductor fabrication process tool; 

Fig. IS depicts a schematic side view of an embodiment of a system coupled to a process chamber of a 
semiconductor fabrication process tool; 

Fig. 19 depicts a flow chart illustrating an embodiment of a method for determining at least two properties 
of a specimen; 

Fig. 20 d^icts a flow chart illustrating an embodiment of a method for processing detected light returned 
from a sur&ce of the specimen; 

Fig. 21 depicts a flow chart illustrating an embodiment of a method for controlling a system configured to 
determine at least two properties of a spechnen; 

Fig. 22 depicts a schematic side view of an embodiment of a system coi^led to a chemical-mechaxucal 
polishing tool; 

Fig. 23 depicts a schematic side view of an embodiment of a system coupled to a chemical vapor 

deposidoR tool; 

Fig. 24 depicts a schematic side view of an embodiment of a system coupled to an etch tool; 

Fig. 25 depicts a schematic side view of an embodiment of a system counted to an ion irnplanter; 

Fig. 26 depicts a schematic side view of an embodiment of a system configured to detemiine a 
characteristic of micro defects on a surface of a specimen; and 

Fig. 27 depicts a schematic side view of an embodiment of a system configured to detCTiine a 
characteristic of defects of multiple sur&ces of a specimen. 

While the invention is susceptible to various modifications and alternative forms, specific embodiments 
thereof are shown by way of example in the drawings and will herein be described in detail. It should be 
understood, however, that the drawings and detailed description thereto are not intended to limit the invention to 
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the upended clahns. 
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DETAn.FTi TIFSnR IFnON OF THE PREFERRED EMBODIMENTS 
Taming now to the drawings, Fig. I illustrates a schematic top view f an embodiment of a surface f 
specimen 10. Specimen 10 may include a substrate such as a monocrystalline silicon substrate, a silicon 
germanium substrate, or a gallium arsenide substrate. In addition, specimen 10 may include any substrate suitable 
for fabrication of senuconductor devices. Specimen ID may include plurality of dies 12 having repeatable pattern 
features. Atternatively, q)eciznen 10iimybeuiq)attemedsuchasaviiginseiDicoiiduct 
wafer. Tn additifm, q?^^^"^ ™y fv'"^'^^ a glass s^'^?fFt"*ft any ffiilid™*** fif^^nft^l frrr^ « giiKcfantiflTiy 
transparent material, which may be suitable for &brication of a reticle. Furthermore, specimen 10 may include any 
specimen known in^ art 

In addition, specimen 10 may include one or more layers arranged upon a substrate. For exaniple, layers 
which may be formed on a substrate may include, but are not limited to, a resist, a dielectric material, and/or a 
conductive material. The resist may include photoresist materials that may be patterned by an optical lithography 
technique. The resist may include other resists, however, such as e-beam resists or X-ray resists fliat may be 
patterned by an e-beam or an X-ray lithography technique, respectively. Examples of an appropriate dielectric 
material may include, but are not limited to, silicon dioxide, sihcon nitride, silicon oxynitride, and titanium nitride. 
In addition, exanples of an appropriate conductive material may include aluminum, polysilicon, and copper. 
Furthermore, a specimen may also include semiconductor devices such as transistors formed on a substrate such as 
a wafer. 

Figs. 2a and 2b illustrate a schematic top view of an embodiment of stage 24 configured to support a 
specimen. Ihe stage may be a vacuum chuck or an electrostatic chuck. ]iitiiismanner,aspecmienmaybeheld 
securely in place on the stage. In addition, die stage may be a motorized tiansktion stage, a robotic wafer handler, 
or any other suitable mechanical device known in ^e art In an embodiment, the system may include measurement 
device 26 coupled to the stage. As such, &e stage may be configured to impart relative motion to the specimen 
with respect to the measurement device. In an example, the stage may be configured to move specimen relative to 
the measurement device in a linear direction. The relative motion of the stage may cause an incident beam of 
energy from an energy source of a measurement device to traverse the surface of the specimen while leaving the 
angle of incidence at which light strikes the sur&ce of die specimen substantially undianged. As used herein, the 
term "measurement device" is generally used to refer to a metrology device, an inspection device, or a conibination 
metrology and inspection device. 

As shown in Figs. 2a and 2b, stage 24 may be configured to rotate in clockwise and counterclockwise 
directions as indicated by vector 28 such that a specimen may be oriented with respect to measurement device 26 in 
a plurality of directions. As such, the stage may also be used to correct an orientation of a specimen such that a 
specimen may be substantially ahgned with respect to a measurement device during measurement or inspection. In 
addition, stage 24 may be further configured to rotate and to move linearly simultaneously. Examples of methods 
for aligning a specimen to a measurement device are illustrated in U.S. Patent Nos. 5,682,242 to Eylon, 5,867,590 
to Eylon, and 6,038,029 to Finarov, and are incorporated by reference as if fully set forth herem. 
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In an enibodinient, stage 24 may be finllfiBr configured to move along a z-axis to alter a distance between a 
specimen and measurement device 26. For exan^Ie, altering a distance between a specimen and a measurement 
device may substantially focus a beam of energy from an energy source of the measurement device on tibe surface 
f the specimen. Examples f focusing systems are illustrated in U.S. Patent No. 5,604344 to Finarov, and 
5 6,124»924 to Feldman et al., which are incorporated by reference as if fully set forth herein. An exan:q)le for 

focusing a charged particle beam on a specimen is illustrated in European Patent Application No. £P 1 081 741 A2 
to Pearl et aL, and is incorporated by reference as if fully set forth herein. 

As shown in Fig. 2a, stage 24 may be configured to move with respect to measurement device 26, and the 
measurement device may be configured to move with respect to the stage. For example, measurement device 26 . 
1 0 may be configDred to move linearly along a direction indicated by vector 29 while stage 24 may be configured to 
move rotatably . As sudi, an inddent beam ofeneigyfiom an energy source of Aenieasorenie^ 
traverse a radius of the stage as the stage is rotatmg. 

As shown in Fig. 2b, measurement device 30 may be configured to be relatively stationary in a position 
relative to stage 24. Devices (not shown) including, but not limited to, a deflector such as an acousto-optical 
1 S deflector ("AOJy) witiiin measurement device 30 may be configured to linearly alter a position of an incident beam 
with respect to the stage. An example of an AOD is illustrated in PCT Application No. WO 01/14925 Al to Allen 
et al., and is incorporated by reference as if fully set forth herein. In this manner, the incident beam may be traverse 
a radius of the stage as the stage is rotatmg. In addition, by altering a position of an incident beam with respect to 
tiie stage using such devices, registry of the measurement device with a pattern formed on a sur&ce of a specimen 
20 may be maintained. The device may be configured to cause an incident beam of energy from an energy source of 
the measurement device to traverse tiie surface of tiie specimen while leaving the angle of incidence at which fiie 
beam of energy strikes die sur&ce of the specimen substantially unchanged. 

In a fur&er embodiment, measurement device 30 may include a plurality of energy sources such as 
illumination systems and a plurality of detection systems. Hie plurality of illumioation systems and &e plurality of 
25 detection systems may be arranged in two hnear arrays. The illumination systems and die detection systems may 
be arranged such that each illumination system may be coiq}led to one of the detection systems. As such, 
measurement device 30 may be configured as a linear imaging device, hi this maimer, the measurement device 
may be configured to measure or inspect any location on a surface of specimen substantially simultaneously or 
sequentially. In addition, the measurement device may be configured such that measurements may be made at 
30 multiple locations on a specimen substantially simultaneously while the stage may be rotating. Furdtermore, die 
stage and die measurement device may be configured to move substantially continuously or inteimittendy. For 
exanq)le, the stage and die measurement device may be moved intemuttendy such diat the system may be 
configured as a move-acquire-measure system. 

A measurement device and stage configured, as described above, to control and alter the measurement or 
35 inspection location of the specimen may provide several advantages in con:q)arison to currendy used systems. For 
example, currendy used systems configured to inspect multiple locations on a specimen may include a stationary 
measurement device and a stage configured to move laterally in two independent directions. Alternatively, 
cunendy used systems may include a stationary stage and a measurement device configured to alter a position of an 
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beam of energy incident on a specimen by alteting a position f two minors in a first direction and a position f 
two mirrors in a second direction. An example of such a system is illustrated in U.S. Patent Nos. 5,517^12 to 
Finarov and 5»764,365 to Finarov, and are incorporated by reference as if fuDy set f rtii liereia An additional 
system may include a stage configured to rotate and a laser light source configured to move radially. Such a system 
S may be unsuitable for xneasuxement or inspecting a patterned specimen. Additional exan^Ies of cmrendy used 
systras are iUustrated in U.S. Patent No. 5,943,122 to Holmes, and is incorporated by reference as if MIy set fordi 
hereuL 

As ^ lateral dimension of specimens such as wafers increases to 300 mm, moving a specimen linearly 
during inspection or measurement may become in^zactical due to space requirements of a . 
10 fabrication facility. In addition, moving such a specimen may become extremely e3q>ensive due to the cost of 
maintainTng a relatively larger clean space for such tools. As sudi, a system configured as described in above 
emb odiments may be configured to inspect or measure an oitire surface of a specimen without linearly moving the 
spedmen. 

Fig. 3 illustrates a schematic side view of an embodiment of system 32 configured to determine at least 

IS two properties of a specimen. System 32 may include measurement device 34 having illumination system 36 and 
detection system 38. Ilhmaination system 36 may be configured to direct Ught toward a surface of specimen 40 
disposed upon stage 42. Stage 42 may be configured as described in above embodiments. Detection system 38 
may be coiq>led to illuxnination system 3 6 and may be configured to detect light propagating from the surface of the 
specimezL For exanq>le, detection system 38, illumination system 36, and additional optical corcqponents may be 

20 arranged such that spectrally reflected light or scattered light propagating from Hit sur&ce of specimen 40 may be 
detected by tiie detection systenL 

Illumination system 36 may include energy source 44. Energy source 44 may be configured to emit 
monochromatic light For exan^le, a suitable monochromatic light source may be a gas laser or a soHd state laser 
diode. Alternatively, tilie energy source may be configured to emit electromagnetic radiation of multq)le 

25 wavelengths, which may inchide ultraviolet light, visible light, infira-red light. X-rays, gamma rays, microwaves, or 
radio-frequencies. In addition, the energy source may be configured to emit another source of energy source such 
as an beam of electrons, protons, neutrons, ion, or molecules. For example, a diennal field emission source is 
typically used as an electron source. 

Detection system 38 may include detector 46. Detector 46 may include light sensitive sensor devices 

30 including, but not limited to, a photodetector, a multi-cell photodetector, an interferometer, an array of photodiodes 
such as a linear sensor array, a conventional spectrophotometer, a position sensitive detector, photomu]tq)]ier tubes, 
avalanche photodiodes, a charge-coupled device CCCD'") camera, a time delay integration (*TDr) camera, a video 
camera, a pattern recognition device, and an imaging system. In addition, the detector may include solid state 
detectors such as Schottky solid state barrier detectors. 

35 In addition, measurement device 34 may include any number of additional optical components (not 

shown). Appropriate optical components may include, but are not limited to, beam splitters or dichroic mirrors, 
quarter wave plates, polarize such as linear and circular polarizers, rotating polarizers, rotating analyzers, 
collimators, focusing lenses, additional lenses, folding mirrors, partially transmissive nmrors, filters such as 
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spectral or polarizing filter, spatial filters, reflectois, deflectors, and modulatois. Bach f the additional optical 
components may be coupled to or disposed within ike ilhnnination system r tibie detection system. Furthermore, 
the measurement device may include a number of additional electromagnetic devices (not shown) diat may include 
magnetic condenser lenses, magnetic bjective lenses, electrostatic deflection systems, beam limiting apertures, and 
Wien filters. 

An anangement of the illumination system, the detection system, and additional optical and 
electromagnetic con^xments may vazy depending on, for exan^le, the technique or techniques used to deteanine at 
least &e two properties of tiie specimen. The arrangement of ^ illmninatian system, the detection system, and 
additional optical and electromagnetic conqMuients may also depend on the properties of the specimen, which are . 
being detetmmed. For fflcample, as shown m Fig. 3, measurenient device 34 may inchide qpti^ 
disposed within or coupled to ilhunmation system 36. Optical conq)onent 48 may include, but is not limited to, a 
polarizer, a spectral or polarizing filter, and a quarter wave plate, in addition, measurement device 34 may include 
beam splitter 50 and optical com|>onent 52. Optical conq>onent 52 may be disposed within or coupled to detection 
system 3 8. Optical con^onent 52 may include but is not lunited to, a quarter wave plate, a colhmator, and a 
focusing lens. 

Figs. 4-7 illustrate alternate embodiments of measurement device 34 of system 32. As will be further 
descnbed herein, elements of system 32, which may be similarly configured in each of tixe embodiments illustrated 
in Figs. 3-7 have been indicated by the same reference characters. For exanq>le, energy source 44 may be similarly 
configured in each of the embodiments illustrated in Figs. 3-7. As shown in Fig. 4, measurement device 34 may 
include a plurality of en^gy sources 44. Each of energy sources may be configured to emit substantially grmilar 
types of energy or different ^es of energy. For exanc^le, the plurality of energy sources 44 may include any of 
the light sources described herein. The light sources may be configured to emit Imadband ligjit Alternatively, the 
hght sources may include two emit different types of light For example, one of the lig^t sources may be 
configured to emit light of a single wavelength, and the other hght source may be configured to emit broadband 
light In addition, the energy sources may be configured to direct a beam of energy to substantially the same 
location on tiie surface of specimen 40, as shown in Fig. 4. Alternatively, the plurality of energy sources 44 may be 
configured to direct a beam of energy to substantially different locations on the sur&ce of specimen 40, as shown in 
Fig. 5. For exanq)le, as shown in Fig. 5, the plurality of energy sources may be configured to direct energy to 
hteraUy spaced locations on the surface of specimen 40. The plurality of energy sources shown in Fig. 5 may also 
be configured as described above. 

As shown in Fig. 4, measurement device may include detector 46 coi^led to tiie plurality of energy 
sources 44. In tins manner, detector 46 may be positioned with respect to the plurality of energy sources such that 
the detector may be configured to detect different types of energy propagating firom the sur&ce of specimen 40 
such as specularly reflected light and scattered light The detector may also be configured to detect different types 
of energy propagating from the surface of the specimen substantially simultaneously. For Gxzxnplc, the detector 
may include an array of photodiodes. A first portion of the array of photodiodes may be configured to detect only 
incident light from one of the phnahty of light sources propagating from the surface of the specimen. A second 
portion of the array ofphotodiodesniay be configured to detect only incident light from the otiier f the plurality f 
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light source propagating from ^ sur&ce ftibc specimen. As such, flie detector may be configured to detect 
incident light &om each f a plurality of light sources propagating fiom the surface of the specimen substantially 
simultaneously. Alternatively, the phnality of energy sources may be configured to intermittently direct energy to 
the surface f the specimen. As such, the detector may be configured to detect incident energy from each of &e 
S plurality of energy sources propagating from flie surface of &e specimen intennittently. 

As shown in Fig. 5, measurement device 34 may indude a pbrality of detectors 46. Each of &e phnality 
of detectois may be coupled to one of the pluiality of energy sources 44. In this manner, each detector 46 may be 
positioned with respect to one of tiie energy sources such that the detector may be configured fo detect incident 
energy from one of the energy sources propagating from tile sor&ce of specimen 40. For example, one of tiie 

1 0 detectois may be positioned with respect to a first light source to detect light scattered from tiie sur&ce of the 
q>ecimeiL In an example, scattered light may inchidedadc field light pnipagatingd^ A 
second of tiie plurality of detectois may be positioned witii respect to a second light source to detect ligiht specularly 
reflected from the surface of the specimen such as bright field light propagating along a bright field path. The 
plurality of detectors may be configured as described in above embodiments. For exanqile, the plurality of 

1 3 detectors may include two diJBferent detectors or two of the same type of detectors. For example, a first detector 
may be configured as a conventional spectrophotometer, and a second detector may be configured as a quad-cell 
detector. Alternatively, botii detectors may be configured as an array of photodiodes. 

As shown in Fig. 4, measurement device 34 may also include multiple optical components 48. For 
exanq)le, optical conq)onents 48 may be coiq)led to each of the pluraHty of energy sources 44. hi an exanq)le, a 

20 first of the optical conqxments may be configured as a polarizer, and a second of the optical coniponents may be 
configured as a focusing lens. Alternatively, as shown in Fig. 5, measurement device 34 may include one optical 
conqx>n6nt 48 coupled to each of the plurality of energy sources 44. Each of the (^tical conq>onents 48 may be 
configured as described herem. In addition, as shown m Fig. 5, measurement device 34 noAy include an optical 
conq>onent such as beam spHtter 50 coupled to one of the plurality of energy sources. For exauqple, beam splitter 

25 50 may be positioned along a path of light directed from a light source. Beam splitter 50 may be configured to 
transmit light from the hght source and to reflect light propagating from the surfece of the specimen. The beam 
splitter may be configured to reflect light propagating from the surface of tiie specimen such that tiie reflected light 
may be directed to detector 46. In addition, beam spHtters may be positioned along a path of the Hght directed from 
each of the plurality of light sources. Optical component 52 may also be coupled to detector 46, as shown in Fig. 4, 

30 and may be configured as, for exanq)le, a quarter wave plate, a collimator, and a focusing lens. Optical component 
52 may be furtiier configured as described herein. Multq)le optical conqxments 52 may also be coiq>led to each of 
the detectors. The position and the configuration of each of the optical components may vary, however, depending 
on the properties of tiie specimen to be determined by the system as will be described in more detail below. 

Figs. 6 and 7 iUustrate schematic side views of additional embodiments of system 32. As shown in these 

35 figures, measurement device 34 may include a single energy source 44. In addition, measurement device 34 may 
include a plurality of detectora 46. The detectors may include any of devices as described herein. Each of the 
plurality of detectors 46 may be positioned at a different angle with respect to energy source 44. For exangile, as 
shown in Fig. 6, one of the detectors may be configured to detect dark field light propagating along a dark field 
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path. The second detector may be configured to detect bright field light propagating along a bright field path. 
Attematively, as shown in Fig. 7, each of die plurality of detectors may be configured to detect specularly reflected 
light The plurality of detectors may be similarly configured, for exanq)le, as photodiode arrays. Alternatively, the 
plurality f detectors may be configured as different detectors such as a conventional spectrophotometer and a quad 
5 cell detector. 

In addition, the iUumination system may be configured to direct different types of energy to the sur&ce of 
the specimen at varying intervals. For example, tiie energy source may be configured to emit one type of ligjit As 
shown in Fig. 7, optical con3|>onent 48 may be coupled to energy source 44. Optical conq>onent 48 may also be 
configmed to alter the light emitted by energy source 44 at varying intervals. For exanq>le, optical conqx)nent 48 , 
1 0 may be configured as a phuality of spectral and/or polarizing filters tiiat may be rotated in a pa& of the light 
emitted by energy source 44 at varying intervals or a liquid crystal dispky ('IX]^ 

a controller coi^led to the filter. The controller may be configured to alter the transmissive, reflective, and/or 
polarization properties ofthe LCD filter at varying intervals. ThepropeitiesofdieLCD filter may be altered to 
change a spectral property or a polarization state ofthe light emitted from the energy soinrce. In addition, each of 

IS die plurahty of detectors may be suitable to detect a different type of light propagating from the surface of die 
specimen. As such, the measurement device may be configured to measure substantially different optical 
characteristics of the specimen at varying intervals. In this manner, measurement device 34 may be configured 
such that energy directed to the surface ofthe specimen and the energy retumed from the surface of die specimen 
may vary depending on, for exan^le, die properties ofthe specimen to be measured using the system* 

20 In an embodiment, system 32, as shown in Figs. 3-7, may include processor 54 coupled to measurement 

device 34. Ihe processor may be configured to receive one or more output signals generated by a detector of the 
measurement device. The one or more output signals may be representative of the detected energy returned from 
the specimen. Hie one or more ou^t signals may be an analog signal or a digital signal. Hie processor may be 
configured to determine at least a first property and a second property of die specimen from the one or more ou^nit 

25 signals generated by die detector. The first property may include a critical dimension of specimen 40, and die 

second property may include overlay misregistration of specimen 40. For exanq>le, the measurement device may 
include, but is not limited to, a scatterometer, a non-imaging scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile 
ellipsometer, a bright field imaging device, a dark field imaging device, a bright field and dark field imaging 

3 0 device, a bright field non-imaging device, a dark field non-imaging device, a bright field and dark field non- 
imaging device, a coherence probe microscope, an interference microscope, an optical profilometer, or any 
combination tfaaeo£ In diis manner, the system may be configured as a single measurement device or as multiple 
measurement devices. 

Because multiple measurement devices may be integrated into a single system, optical elements of a first 
35 measurement device, for example, may also be used as optical elements of a second measurement device. In 
addition, multiple measurement devices may be coi^led to a common stage, a common handler, and a comiru}n 
processor. The handler may include a mechanical device configured to dispose a specimen on the common stage 
and to remove a specimen from the common stage or any odier handler as described herein. In addition, die system 
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xnay be configured to detemiiiie a critical dimension and an verlay misregistration fa specimen sequentially r 
substantially simultaneously. In this manner, such a system may be more cost, tune^ and space effident than 
systems currently used in the semiconductor industty. 

Fig. 8 illustrates a schematic side view of an embodiment of a specimen. As shown in Fig. 8, a phuality of 
5 features 56 may be formed upon upper SUI&C6 58 of specimen 60. For exanq)le, features fom»d on an upper 
sui&ce of the specimen may include local interconnects, gate structures such as gate electrodes and dielectric 
sidewall spacers, contact holes, and vias. Ihe plurality of features, however, may also be formed within the 
specimen. Features formed within tiie specimen may include, for exanq)le, isolation structures such as field oxide 
regions within a semiconductor substrate and trendies. Acriticaldimensionmay include a lateral dimension of a . 

10 feature defined in a direction substantially parallel to an upper surface of tiie specimen such as width 62 of feature 
56 on specimen 60. Hierefore, a critical dimension may be generally defined as the lateral dimension of a feature 
^len viewed in cross section such as a width of a gate or interconnect or a diameter of a hole or via. A critical 
dimension of a feature may also include a lateral dimension of a feature defined in a direction substantially 
peq}endicular to an iqsper surface of the specimen such as height 64 of feature 56 on specimen 60. 

15 In addition, a critical dimension may also include a sidewall angle of a feature. A "sidewall angle" may be 

generally defined as an angle of a side (or lateral) sur&ce of a feature with respect to an upper sur&ce of the 
specunen. In this manner, a feature having a substantially unifonn width across a height of the feature may have 
sidewall angle 66 of approximately 90^. Features of a specimen such as a semiconductor device that have a 
substantially unifonn widdi across a height of tiie features may be fomied relatively closety together thereby 

20 increasing device density of the semiconductor device. In addition, such a device may have relatively predictable 
and substantially unifonn electrical properties. A feature having a tapered profile or non-unifonn width across a 
height of the feature may have sidewall angle 68 of less than approximately 90*^. A tapered profile may be desired 
if a layer may be formed upon the feature. For example, a tapered profile may reduce the formation of voids within 
the layer formed upon the feature. 

25 Overlay misregistration may be generally defined as a measure of die displacement of a lateral position of 

a feature on a first level of a specimen with respect to a lateral position of a feature on a second level of a specimen. 
The first level may be fonned above the second level For example, overlay misregistration may be representative 
of the alignment of features on multiple levels of a semiconductor device. Ideally, overlay misregistration is 
approximately zero such that features on a first level of a specimen may be perfectiy aligned to features on a second 

30 level of a specimen. For exan^le, a significant overlay misregistcation may cause undesirable contact of electrical 
features on first and second levels of a specimen. In tiiis manner, a semiconductor device fonned on such a 
significantiy misaligned specimen may have a number of open or short circuits tiiereby causing device failure. 

An extent of overlay misregistration of a specimen may vary depending on, for example, performance 
characteristics of a lithography process. During lithography, a reticle, or a mask, may be disposed above a resist 

35 arranged on a first level of the specimen. The reticle may have substantially transparent regions and substantially 
opaque regions that may be configured in a pattern, which may tiansfeired to the resist The reticle may be 
positioned above a specimen by an exposure tool configured to detect a position of an alignment mark on the 
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spedzneiL In liiis maimer, verlaymisregistiationinay be caused by peifonnanceli^^ nsof aneqxisuretDolto 
detect an alignment maik and to alter a position of the reticle widi respect to ihc specimen. 

Fig. 9 illustiates a schematic top view of an embodiment of system 70 having a plurality of measurement 
devices. Each of the measurement devices may be configured as described herein. For exanQ)le, each of ^ 
S measurement devices may be configured to determine at least one property of a specimen. In addition, each of flie 
measurementdevicesmaybeconfiguredtodetenxuneadifferentproperty of aspeciz^^ As such, system 70 may 
be configured to determine at least four properties of a specimen. For exsaaaph, measurement device 72 may be 
configured to determine a critical dimension of a specimen. In addition, measurement device 74 may be configured 
to detennine overlay misregistration of the specimen in a first laterd direction. Measurement device 76 may be 

10 configured to deterniineoverky misregistration offhespecrmoi ma second lateral directios^ The first lateral 

direction may be substantially orthogonal to tile second lateral direction. Fuitiiexmore, measurement device 78 may 
be configured as a pattern recognition device. As such, system 70 may be configured to determine at least four 
properties of the specimen simultaneously or sequratially. In addition, each of the measaxemsnt devices may be 
configured to determine any property of a specimen as described hereia 

1 5 Fig. 10 illustrates a schematic side view of an embodiment of system 80 configured to determine at least 

two properties of a specimen. For example, system 80 may be configured to determine at least a critical dimension 
ofaq>ecimea As such» system 80 inay be included m system 70 as described in above eznbodiineiits. SystmSO 
may include broadband light source 82. The term 'liroadband Hght** is goierally used to refer to radiation having a 
fiequency-ant^litude spectrum that includes two or more different fi:equency conqionents. A broadband frequency- 

20 amplitude spectrum may include a broad range of wavelengtiis such as from approximately 190 nm to 

approximately 1700 miL The range of wavelengths, however, may be larger or smaller depending on, for exaniple, 
the light source capability, the san^le being illuminated, and die property being determined. For exan^le, a xenon 
arc lan^ may be used as a broadband tight source and may be configured to emit a light beam includiog visible and 
ultraviolet light. 

25 System 80 may also include beam splitter 84 configured to direct hght emitted from hght source 82 to a 

surface of a specimen 85. The beam splitter may be configured as a beam splitter mirror that may be configured to 
produce a continuous broadband spectrum of lig^t System 80 may also include lens 86 configured to focus ligjit 
propagating from beam splitter 84 onto a sur&ce of specimen 85. Light returned fcom the sur&ce of specimen 85 
may pass through beam splitter 84 to diffraction grating 88. The dif&action grating may be configured to disperse 

30 light returned from die surface of tiie specimeiL The dispersed light may be directed to a spectrometer such as 
detector array 90. The detector array may include a linear photodiode array. The light may be dispersed by a 
diffraction grating as it enters tiie spectrometer such that tiie resulting first order diffraction beam of the sample 
beam may be collected by the linear photodiode array. Examples of spectroscopic refiectometers are illustrated in 
U.S. Patent Nos. 4,999,014 to Gold ct al, and 5.747,813 to Norton et aL and are incorporated by reference as if 

35 fully set forth herein. 

The photodiode array, therefore, may measure the reflectance spectrum 92 of the Hght returned from the 
sur&ce of tiie specimen. A relative reflectance spectrum may be obtained by dividing the intensity of the retumed 
light of the reflectance spectrum at eadi wavelength by a relative reference mtensity at each wavelengtiL A relative 
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reflectance spectnun may be used to detennine^ Liadditioo,^ 
leflectance at a single wavelength and the refisctive index f die film may also be detezmined tcom fht relative 
leflectance spectrum. Furthemiore, a model method by modal expansion C'MMME'O model 94 may be used to 
generate libraxy 96 of various reflectance spectiums. The MMME model is a rigorous dif&action model diat may 
5 be used to calculate the theoretical diffracted light '*fingerprinf * from each grating in the parameter space. 

Alternative models may also be used to calculate the theoretical dif&acted light, however, including^ but not limited 
to, a rigorous coupling waveguide analysis ('"RCWA") model The measured reflectance spectrum 92 may be fitted 
to a the various reflectance spectrums in library 96. Ihe fitted data 97 inay be used to determine critical dimension 
95 such as a lateral dhnension* aheigbt, anda sidewall angle of a feature onthe surfiice of a specimen as descnbed 

10 herein. £xan9>les of modelmgtechidques are iUustrated in PCI ^Implication No. WO 99/4 
incorporated by refoence as if fully set fortii herein. 

Fig. 11a and 1 lb illustrate additional schematic side views of an embodiment of measurement device 98 
configured to deteimine a property such as a critical dimension of a specimen. The measurement device may be 
coupled to system 80 described above. Measurement device 98 may include fiber optic light source 100. The fiber 

1 5 optic light source may be configured to emit and direct light to collimating minor 102. CoUimating mirror 102 

may be configured to alter a path of die light emitted by the fiber optic light source such that it propagates toward a 
surface of specimen 104 in substantially one direction along path 106. Light emitted by fiber optic light source 100 
may also be directed to reflective mirror 108. Reflective mirror 1 08 may be configured to direct the light emitted 
by the fiber optic light source to reference spectrometer 1 10. Reference spectrometer 1 10 niiay be configured to 

20 measure an intensity of li^t emitted by die fib^ optic light source. In addition, reference spectrometer 110 may be 
configured to generate one or more output signals in response to the measured intensity of light As such, fhe signal 
generated by reference spectrometer 110 may be used to monitor variations in die intensity of light emitted by die 
fiber optic light source. 

Measurement device 98 may also include polarizer 1 12. Polarizer 112 may be oriented at a 45 ° angle 
25 widi respect to padi 106 of die ligiht Polarizer 1 12 may be configured to alter a polarization state of die light such 
that light propagating toward a surface of the specimen may be linearly or circularly polarized. Measurement 
device 98 may also include light piston 1 14 positioned along padi 106 of die light The light piston may be 
configured to alter a direction of the path of the Hght propagating toward die surface of the specimen. For exanq^le, 
portion 1 15 of die measurement device may be configured to move widi respect to the ^edmen to measure 
30 multiple locations on the specimen. In this manner, the light position may be configured to cause light propagating 
along path 1 06 to traverse the sinface of the specimen while leaving the angle of incidence at which light strikes the 
surface of the specimen substantially unchanged. 

The measurement device may also include apodizer 116. Apodizer 116 may have a two dimensional 
pattern of alternating relatively high transmittance areas and substantially opaque areas. Ihe alternating pattern 
35 may have a locally averaged transmittance function such as an apodizrng function. As such, an apodizer may be 
configured to reduce a lateral area of an illmninated region of a specimen to iiiQ)rove a focusing resolution of the 
measurement device. The measurement device may also include a plurality of mirrors 118 configured to direct 
lightpropagating along path 106 to a sur&ce of a specimen. In addition, the measurement device may als include 
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leflectmg objective 120 configured to direct the light to the surface of the specimen. For example, a suitable 
reflecting objective may have a numerical aperture ("NA'O of approximately 0. 1 such that light may be may be 
directed at a sur&ce of the specimen at high angles of incidence. 

Light returned from the surface of &e specimen may be reflected by bjective lens 120 and one of the 
5 minors to analyzer 122. Analyzer 122 may be configured to split the light returned from the surface of die 

specimen into two reflected light beams based on the polarization state of Ihe ligiht For racample, analyzer 112 may 
be configured to genmte two separate beams of light having substantially different polarization states. As shown 
in Fig. 1 lb, measurement device may also inchide autofocus sensor 124. Autofocus sensor 124 may include a split 
photodiode detector configured to receive a substantially focused image of the iUuminated spot on Hlg specimen. . 

1 0 The focused image of the spot may be provided by beam splitter 125 positioned along an optical padi between 
analyzer 1 22 and mizror 118. For example, Ihe beam splitter may be configured to direct a portion of iSbt light 
returned from specimen 104 to the autofocus sensor. Autofocus sensor 124 may include two photodiodes 
configured to measure an intensity of the image and to send a signal representative of the measured intensity to a 
processor. The output of autofocus sensor may be called a focus signal. The focus signal may be a function of 

1 5 sample position. Hie processor may be configured to determine a focus position of the specimen with respect to 
the measurement device using a position of an extremum in the focus signal. 

The measurement device may also include minor 126 configured to direct light letumed from tibe sui&ce 
of the specimen to spectrometer 128. Spectrometer 128 may be configured to measure an intensity of the s and p 
components of reflectance across a spectrum of wavelengttis. The term "s conqK>nenf is generally used to describe 

20 the conoponent of polarized radiation having an electrical field tiiat is substantially perpendicular to the plane of 
incidence of the reflected beam. Hie term con^nent" is generally used to describe the conqmnent of polarized 
radiation having an electrical field in die plane of incidence of the reflected beam. Hie measured reflectance 
spectrum may be used to detennine a critical dimension, a height, and a sidewall angle of a feature on the sur&ce of 
the specimen as described herein. For example, a relative reflectance spectrum may be obtained by dividing the 

25 intensity of the retumed light at each wavelength measured by spectrometer 128 by a relative reference intensity at 
each wavelength measured by reference spectrometer 1 10 of the measurement device. The relative reflectance 
spectrum may be fitted to a theoretical model of die data such diat a critical dimension, a height, and a sidewall 
angle may be determined. 

Id an embodiment; as shown in Fig. 9, measurement device 74 and measurement device 76 of system 70 
30 may be configured as a coherence probe microscope, an interference microscope, or an optical profilometer. For 
example, a coherence probe microscope may be configured as a specially ads^ted Linnik microscope in 
combination witii a video camera, a specimen transport stage, and data processing electronics. Alternatively, odier 
interferometric optical profiling microscopes and techniques such as Frii^es of Equal Chromatic Order fTECO^, 
Nomarski polarization mterferometer, differential interference contrast ('T)IC), Tolansky midtiple-beam 
35 interferometry, and two-beam-based interferometry based on Michelson, Fizeau, and Mirau may be adapted to die 
system. The measurement device may utilize either broad band or relatively narrow band light to develop a 
plurality of interference images taken at different axial positions (elevations) relative to the surface of a specimen. 
The interference images may constitate a series of image planes. The data in diese planes may be transformed by 
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an additive tiansfoimation on video signal intensities. Hie transfonned image data may be nsed to detemiine an 
absolute mnfiial coherence between the object wave and reference wave for each pixel in the transformed plane. 
Synlhetic images may be formed v/bost brightness may be proportional to &e absolute mutual coherence as the 
optical path length is varied. 

S In an embodiment, a measurement device configured as an interference microscope may include a energy 

source such as a xenon lamp configured to emit an incident beam of ligiht An appropriate energy source may also 
iiichide a Hght source configured to emit coherent ligiht such as Hght&atim The 
measurement device may further inchide additional optical componoits conjBgured to direct &e incident beam of 
light to a sur&ce of the specimeiL Appropriate additional optical components may include condenser lenses, filters, 

10 diffiisers, aperture stops, and field stops. Additional optical conqxments may also inchide beam spUtters, 
microscopic objectives, and partially transmissrve muxors. 

The optical components may be arranged witiiin &e measurement device such tiiat a first portion of tiie 
incident beam of light may be directed to a surface of a specimeiL The optical corqx>nents may be further arranged 
within the measurement device such that a second portion of ^e incident beam of light may be directed to a 

15 reference mirror. For example, the second portion of the incident beam of light may be generated by passing the 
incident beam of light through a partially transmissive mirror prior to directing the sanqsle beam to a surface of the 
specimen. Light reflected firom the surface of the spedmen may then be combined with light reflected from the 
reference mitror. In an embodiment, the detection system may include a conventional interferometer. The 
reflected incident beam of light may be combined widi the reference beam prior to striking the interferometer. 

20 Since the mcident beam of light reflected from the sur&ce of tibie specimen and ^e reference beam reflected from 
the reference mirror are not in phase, inteif^ence patterns may develop in the combined beam. Intensity variations 
of the interference patterns m the combined beam may be detected by ike interferometer. 

The interferometer may be configured to generate a signal responsive to the detected intensity variations of 
the interference pattrais of the combined beam. The generated signal may be processed to provide sur&ce 

25 information about the measiued surface. The measurement device may also include a spotter microscope to aid in 
control of the incident beam of light The spotter microscope may be electronically coupled to the measurement 
device to provide some control of the incident beam of light Examples of interference microscopes and methods 
of use are illustrated in U.S. Patent Nos. 5,1 12,129 to Davidson et al, 5,438,313 to Mazor et al., 5,712,707 to 
Ausschnitt et al., 5,757,507 to Ausschnitt et al., 5,805,290 to Ausschnitt et aL, 5,914,784 to Ausschnitt et aL, 

30 6,023,338 to Bareket, all of which are incorporated by reference as if fully set forth herein. 

In an additional embodiment, a measurement device configured as an optical profilometer may be used to 
determine a height of a surface of a specimen. Optical profilometers may be configured to use hght scattering 
techniques, light sectioning, and various interferometric optical profiling techniques as described herein. An optical 
profilometer may be configured to measure interference between light on two beam paths. As a height of a surface 

35 of a specimen changes, one of the beam path lengtiis may change fliereby causing a change in the interference 
patterns. Therefore, the measured interference patterns may be used to determine a height of a surfece of a 
specimen. A Nomarski polarization interferometer may be suitable for use as an optical profilometer. 
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In an embodiment, an optical profilometer may include a light source such as a tungsten halogen bulb 
configured to emit an incident beam. The light source may be configured to emit light of various waveleng&s such 
as infrared light, ultraviolet light, and/or visible hght Hie light source may also be configured to emit cohetent 
light such as light produced fr m a laser. The optical profilometer may also include optical con^nents configured 
S to direct the light to a sur&ce of a specimen. Such optical components may include any of the optical components 
as described herein. The opticd profilometer may further inchide a rotating analyzer configured to ph^ 
electromagnetic radiation, a chaige coi^led device ("CCD") camera, a frame grabber, and electronic processiQg 
circuits. A fiiame grabber is a device that may be configured to receive a signal from a detector such » 
canoBca and to convert die signal (ie., to digitize an image). A quarter wavelength plate and spectral filter may also 

10 be inchided in the optical profilometer. A polarizer and Nomarski prism may be configured to illumiDate die 

specimen widi two substantially ordiogonally polarized beams laterally offset on the specimen sur&ce by a distance 
smaller tiian the resolution limit of &e objectives. After tetumed from the q)ecimen, the light beams may be 
recombined by the Nomaiski prism. 

In an embodiment, the optical profilometer may include a conventional interferometer. Interference 

1 5 patterns of tilie recombined light beams may be detected by the interferometer. The detected interference patterns 
may be used to determine a surface profile of the specimen. An example of an optical profilometer is illusliated in 
U.S. Patent No. 5,955,661 to Samsavar et al., which is incorporated by reference as if fidly set forth herein. An 
example of a noeasurement device configured to detennine overiay misregistration is iUustrated in U.S. Patent 
Application Serial No. 09/639,495, '"Metrology System Using Optical Phase,*' to Nikoonahad et al., filed August 

20 14, 2000, and is incorporated by reference as if fully set forth herein. 

In an embodiment, measurement device 78 may be configured as a pattern recognition device. 
Measurement device 78 may include a ligfht source such as a lanq> configured to emit broadband ligh^ which may 
include visible and ultcaviolet radiation. Hie measurement device may also include a beam splitting mirror 
configured to direct a portion of the light emitted by the light source to an objective thereby forming a sample beam 

25 of light The objective may include reflective objectives having several magnifications. For exanq)le, the objective 
may include a 15x Schwartzchild design all-reflective objective, a 4x Nikon CFN Plan Apochromat, and a Ix UV 
transmissive objective. The three objectives may be mounted on a turret configured to rotate such that one of the 
three objective may be placed in a path of the sanq)le beam of light Hie objective may be configured to direct die 
sanq>le beam of light to a surface of a specimen. 

30 Light returned from the surface of the spechnen may pass back ttuough the objective and the beam 

splitting mirror to a san^le plate of &e measurement device. Hie sanq)le plate may be a reflective fiised silica 
plate with an aperture formed through the plate. Hie light returned from the surface of flie specimen may be 
partially reflected off of the sanipie plate and through a relatively short focal lengdi achromat The returned light 
may be reflected from a folding mirror to a beam flitter cube. Hie beam splitter cube may be configured to dicect 

35 a portion of the returned light to a pentaprism. The pentaprism may be configured to reflect the portion of the 

returned light. The reflected portion of the returned light may also pass through additional optical con^nents of 
measurement device 78 such as a relatively long focal length achromat and a filter. The reflected portion of the 
returned light may pass to a folding mirror configured to direct the returned light to a video camera, in addition. 
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the video camera may be configured to generate a non-inverted image f the surface of the spedmen. An exaiiq>le 
f a pattern recognition device is iUustrated in U.S. Patent No. 5,910,842 to Piwonka-Corle et aL, and is 
incorporated by reference as if fully set forth herein. 

In an additional embodiment, the measurement device may be configured as a n n-imaging scatterometer, 
5 a scatterometer, or a spectroscopic scatterometer. Scatterometry is a technique involving the angle-resolved 

measuiment and characterizatioiiofli^ scattered fiinn a structure. For example, structures ananged in a periodic 
pattmi on a specioien sudi as repeatable pattern features may scatter or diffia^ 

A dif&acted light pattern fiom a structure may be used as a "fing e r priu f or ^'signaiture" for identifying a property of 
the repeatablepattem features. For example, a diffiactedhght pattern may be analyzed to determine a prope^ 

10 rq>eatable pattern features on a sur&ce of a specimen such as aperiod, a width, a step height, a sidewall angb, a 
tiiickness of underlying layers, and a profile of feature on a specimen. 

A scatterometer may include a light source configured to direct light of a single wavelengfli toward a 
surface of the specimen. For exan^le, the light source may include a gas laser or a solid state laser diode. 
Alternatively, the light source may be configured to direct Ught of multiple wavelengths toward a surfece of the 

1 5 specimen. Az such, uic scattt^onictar may be coiuigiixcd an a spectroscopic scatterometer. in an example, the light 
source may be configured to emit broadband radiation. An appropriate broadband Hght source may include a white 
light source coupled to a fiber optic cable configured to randomize a polarization state of the emitted light and may 
create a substantially uniform incident beam of light. Light emitted from &e fiber optic cable may pass dm>ug|h a 
plurality of optical components arranged wiflun the measurmnent device. For example, light exmtted fiom ^ fiber 

20 optic cable rnay pass through a sUt aperture configured to Imut a spot size of the incident Aspotsize 
may be generally defined as a surface area of a spechnen that may be illuminated by an incident beam of light 
Light emitted from the fiber optic cable may also pass through a focusing lens. Furthermore, hght onrtted from the 
fiber optic cable may be further passed tiurough a polarizer configured to produce an incident beam of hght having 
a known polarization state. The incident beam of light having a known polarization state may be directed to a 

25 surface of the specimwi. 

The scatterometer may also include a detection system that may include a spectromet^. The spectrometer 
may be configured to measure an intensity of different wavelengths of hght scattered from a sur&ce of a specimen. 
In an embodiment, ^ zeroth diffraction order intensity may be measured. Although for some repeatable pattern 
features, measurement of higher diffraction order intensities may also be possible. A signal responsive to the zeroth 

30 and/or higher diffraction order intensities at different wavelengths generated by tiie spectrometer may be sent to a 
processor coupled to the spectrometer. The processor may be configured to detenmne a signature of a stmcture on 
a surface of the specimen. In addition, the processor may be configured to determme a property of repeatable 
pattern features on the sur&ce of the specimen. For example, the processor may be further configured to compare 
the determined signature to signatures of a database. Signatures of die database may include signatures determined 

35 experimentally with specimens having known characteristics and/or signatures determined by modeling. A 

property of a repeatable pattern feature may include a period, a width, a step height, a sidewall angle, a thickness of 
underlying layers, and a profile of the features on a specimen 
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As described above, the scattoometer may include a polarizer co\]^led to the illumination system. The 
polarizer may be further configured to transmit hght emitted by a light source of flie illumination system of a first 
polarization state and to reflect Hght emitted by a hght source f a second polarization state. In addition, ^ 
scatterometer may als include an analyzer coupled to die detection system. The analyzer may be configured to 
S transmit light of substantially the same polarization state as &e polarizer. For exanople, the analyzer may be 
cozifiguied to traiismit light scattered fiom Ac sm&ceofthe specimen having Ihan 
additional embodiment the spectrometer may include a stage coi^led to tiie illumination system and the detection 
system. The stage may be configured as described herein. In this manner, characteristics of lepeatable pattern 
features having substantially different characteristics foxmed on a surface of a specimen may be determined 

10 sequentially or simultaneously. Exan^les ofineasurement devices are illnsttated in PCT Application No. WO 
99/45340 to Xu et aL, and is incorporated by lefmnce as if fdSiy set forth herein. Additional examples of 
measurement devices configured to measure ligiht scattered fiom a specimen are illustrated in U.S. Patent Nos. 
6,081325 to Leslie et aL, 6,201,601 to Vaez^Invani et aL, and 6,215,551 to Nikoonahad et al., and are incorporated 
by reference as if fiiUy set forth herein. 

15 A measurement device such as a scatterometer may be either an imaging device or a non-imaging device. 

In imaging devices, a lens may capture light scattered fiom a surface of a specimen. The lens may also preserve 
spatial information encoded in the reflected light (e.g., a spatial distribution of light intensity), in addition, the 
scatterometer may include a detector configured as an array of hght sensitive devices such as a charge-coupled 
device ("CCD") camera, a CMOS photodiode, or a photogate camera. Alternatively, in non-imaging devices, light 

20 fiom a hght source riiay be directed to a rektrvelysniaU area on a sui&ce of a specimen. A detector such as a 
photDmult^)Her tube, a photodiode, or an avalanche photodiode may detect scattered or dif&acted light and may 
produce a signal proportional to the integrated hght intensity of the detected light. 

In an additional embodiment, the measurement device may be configured as a bright field imaging device, 
a dark field imaging device, or a bright field and dark field imaging device. "Bright field" generally refers to a 

25 collection geometry configured to collect specularly reflected light fi-om a specimen. A bright field collection 
geometry may have any angle of incidence although typically it may have an angle of incidence normal to the 
specimen plane. A bright field imaging device may inchide a hght source configured to direct hght to a surfiu:e of a 
specimen. The light source may also be configured to provide substantially continuous illumination of a surface of 
a specimeiL The light source may be, for example, a fluorescent lamp tube. Continuous illumination may also be 

30 achieved by a string of point hght sources coupled to a light diffosing element The light source may also include 
any of &e light sources as desaibed hereixL 

A bright field imaging device may also include a bright field imagiag system configured to collect bright 
field light propagating along a bright field path fiom die surface of a specimeiL The bright field light may include 
hght specularly reflected fiom the surface of the specimen. The bright field imaging system may include optical 

35 con^onents such as sHt mirrors and an imaging lens. The slit minors may be configured to direct bright field Hght 
propagating along a bright field path from the surface of a specimen to die imaging lens. The imaging lens may be 
configured to receive bright field Ught reflected fiom the slit minors. The imaging lens may be, for example, a 
fixed lens configured to reduce optical aberrations in die bright field hght and to reduce effects of intensity 
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reduction at an edge of imaging field. Hie Trnaging lens niay also be configured to concentrate light passing 
tiirough the lens onto light sensitive devices positioned behind &e imaging lens. The light sensitive devices may 
include, but axe not limited to, an 8000 FN diode element line scan sensor anay, a CXID camera, a TDI camera, or 
otixer suitable device type. 

S One or more output signals of &e light sensitive devices may be transmitted to an image con^mter for 

processing. An image computer may be a parallel processing system tibat may be commonly used by die machine 
vision industry. Hie image coiiq)uter may also be coiq)led to a host conqniter configured to control the bight field 
imaging device and to p^onn data processing functions. For «c8nq)le, data processing fimctions may inchide 
detcnnining a presence of defects on a surface of a spedmen by comparing multiple output signals of die light 

1 0 sensitive devices generated by ilhuninating mnlt^le locations on the specimen. Mult^>le locations on the specimen 
may include, for example, two dies of a specimen, as illustrated in Fig. 1 . 

"Dade field" generally refers to a collection geometry configured to collect only scattered light fiom a 
specimen. "Double dark field" generally refers to an inspection geometry using a steep angle oblique illumination, 
and a collection angle outside of the plane of incidence. Such an arrangement may include a near-grazing 

i 5 Uiumination angle and a near-grazing collection angle to si^ress sur&ce scattering. This suppression occurs 
because of the daik fringe (also known as the Weiner fiinge) near the surface that may occur due to interfering 
incident and reflected waves. A dark field imaging device may include any of the light sources as described herein. 
A double dark field device may be either an miaging device or a non-imaging device. 

A dark field imaging device may also include a daik field imaging system configured to collect dark field 

20 light propagating along a dark field path from the suifrice of a specimen. Tlie dark field imaging system may 
include optical conq)onents, an image con^uter, and a host conqmter as described herein. In this manner, a 
presence of defects on a sur&ce of a specimen may be detennined fcom a dark field image of the specimen as 
described hraein. An example of an inspection system configured for dark field imaging is illustiated in PCT 
Application No. WO 99/31490 to Ahnogy, and is incQiparated by reference as if fully set fortii herein. 

25 In addition, a measurement device may include bright field and dark field light sources, which may 

include one or more light sources. Each of the light sources may be arranged at different angles of incidence with 
respect to the sur^e of the specimen. Alternatively, each of the light sources may be arranged at the same angle of 
incidence with respect to the surface of tiie specimen. The measurement device may also include bright field and 
dark field imaging systems as described above. For example, the measurement device may include one or more 

30 hnagmg systems. Each of tiie miaging systems may be arranged at different angles of incidence with respect to the 
surface of the specimen. Alternatively, each of the imaging systems may be arranged at the same angle of 
incidence with respect to the surfiice of the specimen. As such, the measurement device may be configured to 
operate as a bright field and dark field imaging device. Eadi of the imaging systems may be coupled to the same 
image computer, which may be configured as described above. In addition, the image co!iiq)uter may be coiq)led to 

35 a host computer, which may be configured as described above. The host conqniter may also be configured to 
control both the bright field components and the dark field con^onents of the measurement device. 

Ihe bright field, dark field, and bright field and dark field devices, however, may also be configured as 
non-imaging devices. For exanq)le, the detectors described above may be replaced with a photomultiplier tube, a 
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photodiode, r an avalanche photodiode. Such detectoisnmy be configured to produce a signal pr 
integrated light intensity of the bright field light and/or the dark field light 

Fig. 12 illustrates a schematic side view of an alternate embodinient of system 32 configured to determine 
at least two properties fa specimen during use. As will be further described herein, elements of s^^t^ 32 which 
5 may be similarly configured in each of &e enobodiments illastrated in Figs. 3-7 and 12 have been indicated by the 
same refoence chaiactBrs. For exan^le, stage 42 may be similarly configured in each of the embodiments 
illustrated in Figs. 3-7 and 12. 

As used herein, the terms "front side" and "back side" generally refsr to opposite sides of a specimen. For 
cxamplej the term, a '^ont side", or 'iipper surfiice," of a specimen such as a wafer may be used to refer to a 

10 surface ofto wafer ij^n which semiconductor devices may be formed Likewise, die term, a "back side", or a 
"bottom surface " of a specimen such as a wafer may be used to refer to a sui&ce of the wafer which is 
substantially firee of semiconductor devices. 

System 32 may include stage 42 configured to support specimen 40. As shown in Fig. 12, stage 42 may 
contact a back side of the specimen proximate to an outer lateral edge of the specimen to si^ort the specimen. For 

1 3 exan^ie, the stage may include a robotic wafer handler configured to siq>port a specimeiL In alternative 

embodiments, an upper surface of &e stage may be configured to have a surface area less tiian a surface area of the 
back side of the spepimert In this manner, stage 42 may contact a back side of die specimen proximate to a center, 
or an iimer suifiice area, of the specimen to support the specimen. In an example, the stage may include a vacuum 
chuck or an electrostatic chuck. Such a stage may be disposed widiin a process chamber of a process tool such as a 

20 semiconductor fitbrication process tool and may be configured to support the specimen during a process step such 
as a semiconductor fabrication process step. Such a stage may also be included in any of die odier measurement 
devices as described herein. 

System 32 may include a measurement device coiq)led to the stage. The measurement device may include 
a plurality of energy sources 44. A first of the plurality of energy sources 44 may be configured to direct energy 

25 toward front side 40a of specimen 40. As shown in Fig. 12, two detectors 46a and 46b may be coupled to the first 
of the plurality of energy sources. The two detectors may be positioned at different angles with respect to the first 
energy source. In this manner, each of the detectors may be configured to detect different types of energy 
propagating from front side 40a of specimen 40. For examplQ, detectors 46b may be configured to detect dark field 
light propagating from the front side of specimen 40. In addition, detector 46a may be configured to detect bright 

30 field light propagating from die tcont side of specimen 40. In an alternative embodiment, however, a single 

detector, either detector 46a or detector 46b, may be inchided in the measurement device and may be coupled to the 
first energy source. Additional components such as coxx^wnent 48 may also be coiq>led to the first energy source. 
For exan^le, component 48 may include any of the optical coxtq>onents as described herein. 

The measurement device may also include conQ)onent SO. Conq>onent 50 may inctude^ for exan^le, a 

3 5 beam splitter configured to transmit ligiht from the hght source toward specimen 40 and to reflect Ught propagating 
from specimen 40 toward detector 46a. The measurement device may also include additional caoaponsnt 52 
coi^led to detector 46a. Component 52 may be configured as described in above enibodiments. In addition, such a 
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compoiiaitiBay also be coupled to detector 46b. Tlie position and the configuration of each f the conq>onents 
may vary, however, depending on, for example, the properties of the specimen to be measured wifli the system. 

Inanemb diment, a second f diephirality f energy sources 44 may be configured to direct energy 
toward back side 40b f specimen 40. The measurement device may also include detector 46c coi^led to the 
S second energy source. In addition, multiple detectors may be coupled to the second energy source. Detector 46c 
may be positioned with respect to fiie second energy source such Aat a particular type of energy propagating fiom 
back side 40b of specimen 40 may be detected. For exanple, detector 46c may be positioned with respect to the 
second energy source such that dark field light propagating along a dark field patii fiom the back side 40b of 
specimen 40 may be detected. Additional conqxment 48 may also be coiq>led to the second energy source. 

10 Con^ponent 48 may include any of the optical conq)onents as described herein. Furthermore, system 32 may 

mchide processor 54. Processor 54 may be coiq>led to each of tiie detectors 46a, 46b, and 46c, as shown in Fig. 12. 
The processor may be configured as described herem. 

According to the above embodiment, therefore, system 32 may be configured to determine at least two 
properties on at least two surfaces of a specimen For exan^le, system 32 may be configured to determine a 

1 5 presence of defects on a fiont side of the specimen. In addition, system 32 may be configured to determine a 
presence of defects on a back side of the specimen. Furthermore, the system may be configured to determine a 
presence of defects on an additional surface of die specimerL For exanq}le, the system may be configured to 
determine a presence of defects on a fiont side, a back side, and an edge of tiie specimen. As used herem, the term 
"an edge" of a specimen generally refers to an outer lateral surface of die specimen substantially nonxud to die front 

20 and back sides of the specimen. Fur&ennore, the Systran niiay also be configured to determine a presence of defects 
on more than one surface of the specimen simultaneously. 

In an additional embodiment, the system may also be configured to determine a nurnber of defects on one 
or more surfaces of a specimen, a location of defects on one or more surfaces of a specimen, and/or a type of 
defects on one or more surfiices of a specimen sequentially or substantially simultaneously. For exaniple, the 

25 processor may be configured to determine a number, location, and/or type of defects on one or more surfaces of a 
specimen from the energy detected by the measurement device. Examples of mediods for determining the type of 
defect present on a surface of a specimen are illustrated m U.S. Patent No. 5,83 1,865 to Berezdn et aL, and is 
incorporated by reference as if fiiUy set forth herein. Additional exan^les of mediods for determining the type of 
defects present on a sur&ce of a specimen are ilhistrated m WO 99/67626 to Ravid et aL, WO 00/03234 to Ben- 

3 0 Porath et al., and WO 00/26646 to Hansen, and are mcorporated by reference as if fiiUy set forth herem. 

Furdiermore, processor 54 may be fruther configured to determine at least three properties of die 
specimen. The duee properties may include a critical dimension of the specimen, an overlay misregistration of the 
specimen, and a presence, a number, a location, and/or a type of defects on one or more sur&ces of the specimen. 
hi this manner, the system may be configured to detmiine a critical dimension of die specimen, an overlay 

35 misregistration of the specimen, and a presence, a number, a location, and/or a type of defects on one or more 
surfaces of the specimen sequentially or substantially simultaneously. 

The system may be configured to determine micro and/or macro defects on one or more surfaces of a 
specimen sequentially or substantially simultaneously. An example of a system configured to determine macro and 
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micro defects sequentiaUy is ilhistiated in U.S. Patent No. 4,644, 172 to Sandland et aL, which is incoiporated by 
reference as if fully set fordi hereirL Macro-micro optics, as described by Sandland, may be incorporated into a 
measurement device, as described herein, which may be coupled to one stage. The stage may be configured as 
described hereiiL In this maimer, the macro-micr optics of Sandland may be configured to determine micro and/or 
5 macro defects on one or more surfaces of a specimen substantially simultaneously. In addition, the macro-micro 
optics of Saiulland may be configured to determine micro and macro defects on one or more sur&ces of a specimen 
sequentially while the specimen is disposed on a single stage. Alternatively, the measurement device may include 
optical conyonents configured as iUustrated in U.S. Patent No. 5,917,58S to Addiego, wbick is incorporated by 
reference as if fiilly set forth herein. For exanyle, a measuienient device, as described herein, xnay include micro . 

10 optics, as described by Sandland, coupled to macro optics of the after develop inspection ("ADr*) Macro inspection 
system, as described by Addiego. 

Micro defects may typically have a lateral dimension of less than sqiproximately 25 )un. Maiax) defects 
may inchide yield-limiting large scale defects havmg a lateral dimension of greater than about 25 ^m. Such large 
scale defects may include resist or developer problems such as lifting resist, Ihin resist, extra photoresist coverage, 

1 5 inconq>lete or missing resist, which may be caused by clogged dispense nozzles or an incorrect process sequence, 
and developer or water spots. Additioiud examples of macro defects may include regions of defocus C*hot spots"), 
reticle errors such as tilted reticles or incorrectly selected reticles, scratches, pattern integrity problems such as over 
or under developing of tiie resist, contamination such as particles or fibers, and non-uniform or inconylete edge 
bead removal C'EBR"). The term 'liot spots" generally refers to a photoresist e3q>osure defect that may be caused, 

20 for example, by a depth of focus limitation of an exposm tool, an e3q)osure tool malfimction, a non-planar surfece 
of a specimen at the tone of esqxisure, foreign material on a back side of a specimen or on a surface of a sqjporting 
device, or a design constraint For exanq>le, foreign material on tiie back side of the spechnen or on the sur&ce of a 
sqiporting device niay effectively deform tiiegpeciiiien. Such deformation ofihe specimen may cause a non- 
uniform focal sur&ce during an e3qx)sure process, in addition, such a non-imiform focal sur&ce may be manifested 

25 on the specimen as an unwanted or missing pattern feature change. 

Each of the above described defects may have a characteristic signature under either dark field or bright 
field illumination. For exanq)le, scratches may appear as a bright line on a dark background under dark field 
illumination. Extra photoresist and incon^lete photoresist coverage, however, may produce thin film interference 
effects under bright field illumination. In addition, large defocus defects may appear as a dim or bright pattem in 

30 comparison to a pattem produced by a laterally proximate die under dark field illumination. Odier defects such as 
defects caused by undere3q)05ure or overexposure of the resist, large line width variations, large particles, comets, 
striations, missing photoresist, underdeveloped or overdeveloped resist; and developer spots may have 
characteristic signatures under br^t field and daric field illumination. 

As shown in Fig. 1, a sur&ce of specimen 10 may have a plurality of defects. Defect 14 on the surface of 

35 specimen 10 may be incoiiq)lete resist coverage. For example, incon^>lete resist coverage may be caused by a 
malfunctioning coating tool or a malfunctioning resist dispense system. Defect 16 on the sur&ce of specimen 10 
may be a surface scratch. Defect 18 on &e sur&ce of specimen 10 may be a non-uniform region of a layer of resist 
For exanq)le, such a non-uniform region of the resist may be caused by a malfunctioning coating tool or a 
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malfuncticmiiig post apply bake tool. Defect 20 oaliiesur&ce f specimen 10 may be a hot spot Li addition, 
defect 22 on the surface of specimen 10 may be non-unifomi edge bead removal (**BBR'0» Each of the defects 
described above may be present in any location on a surface of specimen 10. In addition, any number f each of 
the defects may also be present on the sur&ce of the specimen. 
S Additional exan^les of methods and systems for determining a presence of defects on a sui&ce of a 

specimen are illustrated in U.S. Patent Nos. 4^47^03 to Levy et aL, 4,347,001 to Levy et aL, 4,378,159 to 
Galbraith, 4,448,532 to Joseph et al., 4,532,650 to Wihl et al., 4,555,798 to Bioadbent, Jr. et aL, 4,556^17 to 
Sandland et al., 4,579,455 to Levy et al, 4,601,576 to Galbraith, 4,618,938 to Sandland et aL, 4,633,504 to Wihl, 
4,641,967 to Pecen, 4,644,172 to Sandland et al., 4,766,324 to Saadat et al., 4,805,123 to Specht et aL, 4,818,1 10 to 

10 Davidson, 4,845,558 to Tsai et aL, 4,877^26 to Chadwick et aL,'4,898,471 to Vaught et aL, 4,926,489 to Danidson 
et aL, 5,076,692 to Neukeimans et al., 5,189,481 to Jann et aL, 5,264,912 to Vaught et aL, 5,355,212 to Wells et al., 
5,537,669 to Evans et aL, 5,563,702 to Emeiy et aL, 5,565,979 to Gross, 5,572,598 to Wihl et aL, 5,604,585 to 
Johnson et al., 5,737,072 to Emery et aL, 5,798,829 to Vaez-Iravani, 5,633.747 to Nikoonahad, 5,822,055 to Tsai et 
al., 5,825,482 to Nikoonahad et al., 5,864,394 to Jordan, m et al., 5,883,710 to Nikoonahad et aL, 5,917,588 to 

15 Addiego, 6,020,214 to Rosengaus et al., 6,052,478 to Wihl et al., 6,064,517 to Chuang et al., 6,078,386 to Tsai et 
al., 6,081,325 to Leslie et al., 6,175,645 to Elyasaf et aL, 6,178,257 to Alumot et aL, 6,122,046 to Ahnogy, and 
6,215,551 to Nikoonahad et aL, all of which are incorporated by reference as if fully set fordiherem. Additional 
examples of defect inspection methods and apparatuses are illustiated in PCT Application Nos. WO 99/38002 to 
Elyasaf et aL, WO 00/68673 to Remhion et aL, WO 00/70332 to Lehan, WO 01/03145 to Feuerbaum et aL, and 

20 WO 01/13098 to Ahnogy et aL, and are incorporated by reference as if fully set forfii herem. Furtiher exan^les of 
defect inspection methods and apparatuses are illustrated in European Patent Application Nos. BP 0 993 019 A2 to 
Dotan, EP 1 061 358 A2 to Dotan, EP 1 061 571 A2 to Ben-Poiafli, EP 1 069 609 A2 to Harvey et al., EP 1 081 
489 A2 to Karpol et aL, EP 1 081 742 A2 to Pearl et aL, and EP 1 093 017 A2 to Kenan et aL, wldch are 
incorporated by reference as if fuDy set fordi herein. As such, the embodiments described above may also include 

25 features of any of the systems and me&ods illustrated in all of iht patents which have been incoiporated by 
reference herein. 

hi a fuidier embodiment, the systems as described herein may also be configured to determine a flatoess 
measurement of the spedmen. "Flatness** may be generally defined as an average of tiie topographic characteristics 
of an upper surface of the specimen across a sur&ce area of the specimen. For exanq>le, the topographic 

30 characteristics may include, but are not limited to, a roughness of an upper surface of a specimen and a planar 

umformityof an upper surface of a layer arranged on ^specimen. Roughness arid planar unifinmity of die upp^ 
surface of a layer may vary depending on, for example, processes performed on the specimen prior to 
measurement, which may include, in an example of semiconductor fabrication, etoh, deposition, plating, chemical- 
mechanical polishing, or coating. 

35 As described herein, a processor may be configured to determine at least three properties of die specimen 

firom the detected energy. The three properties may include a critical dimension of the specimen, an overlay 
misregistration of the specimen, and a flatness of die specimen. In addition, the process may be configured to 
detemiine four properties of the specimen fixmi tiie detected energy. The four properties may include critical 
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dimension, overlay misregistration, flatness, and a presence, a nuinber, a locati n, and/ r a type of defects on the 
specimen. As such, the systcni may be configured to detennine a critical dimension f the specimen, an overlay 
misregistration of the specimen, a flatness measurement, and/or a presence, a number, a location, and/or a type of 
defects on a surface f the specimen sequentially or substantially simultaneously. 
5 Fig. 13 iUastrates a schematic top view of an embodiment of system 32 coi^led to a semiconductor 

&hrication process tool For example, the system may be coiq)led to lithography tooI130. Alilhogt^y tool, 
whidi may be commonly refened to a li&ogc^hy track or cluster tool, may include a plurality of process chambezs 
132, 144, 146, 148, 150, 154, and 156. The number and configuration of the process chambeis may vary 
depending on, for exanq>le, the type of wafers processed in the lithogr^hy tooL ExanQ)les of lithography tools and 

10 processes axe iUustiated in U.S. Patent No. 5,393,624 to Usfaijima, 5,401,316 to Shiraishi et al., 5,516,608 to Hobbs 
et aL, 5,968,691 to Yoshioka et al, and 5,985,497 to Phan et al., and are incorporated by reference as if fully set 
forth herein. Lithogr^hy tool 130 may be coupled to an exposure tool, which may include e^qposure chamber 134. 
A first portion of the process chamben may be configured to perform a step of a litiiography process prior to 
exposure of a resist A second portion of the process chambers may be configured to perform a step of the 

1 5 lithography process subsequent to exposure of fte resist 

In an embodiment, lithography tool 130 may also include at least one robotic wafer handler 136. Robotic 
wafer handler 136 may be configured to move a specimen from a first process chamber to a second process 
chaniber. For exan^)le, the robotic wafer handler may be configured to move along a direction generally indicated 
by vector 13 8. ]b addition, the robotic wafer handler may also be configured to rotate in a direction indicated by 

20 vector 140 such that a specimen may be moved fiom a first process chamber located on first side of tire lithography 
tool to a second process chamber located on a second side of die litiiography tool The first side and tiie second 
side may be located on substantially opposite sides of the Holography tool. The robotic wafer handler may also be 
configured to move a specimen fi-om lithography tool 130 to exposure chamber 134 of the exposure tool. In tixis 
maimer, the robotic wafer handler may move a specimen sequentialfy^ through a series of process chambers such 

25 tiiat a lithography process may be performed on the specimen. 

The robotic wafer handler may be also configured to move specimen 139 fiom cassette 141 disposed 
within load chamber 142 of the Hthography tool to a process cbamiber of the lithography tool. The cassette noay be 
configured to hold a number of specimens which may be processed during the lithography process. For exan^le, 
the cassette may be a firont opening unified pod CTOUP"). The robotic wafer handler may be configured to 

30 dispose Ike specimen in a process chamber such as surface preparation chamber 144. The surface prq)aration 

chamber may be configured to form an adhesion promoting chemical such as hexamethyldisilazane (''HMDS") on 
the surface of the specimen. HMDS may be deposited at a temperature of approximately 80 to approximately 
180 **C. Subsequent to the surface preparation process, tiie robotic wafer handler may be configured to remove the 
specimen from surface preparation chamber 144 and place the specimen into chill chamber 146. As such, chill 

35 chamber 146 may be configured to reduce a teit^>erature of the specimen to a temperature suitable for subsequent 
processing (e.g., approximately 20 °C to q)proximately 25 ^C). 

In an additional embodiment, an anti-refiective coating may be formed on the surface of tiie specimen. 
The anti-refiective coating may be formed on the specimen by spin coating followed by a post ^ly bake process. 
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Since flic post apply bake process for an anti-reflective coating genwally niay involve heating a coated specimen 
from approximately 170 °C to approximately 230 *^C, a chill process may also be peifonned subsequeat to this post 
apply bake process. 

A resist may be also f imed yxpcax the specimen. The lob tic wafer handler may be configured to place the 
S specimen into resist apply process chamber 148. A resist may be automatically dispensed onto an upper sur&ce of 
ftespedmen. The resist may be distnbuted across the specimen by spinning the spe^ 
The spinning process may dry the resist such that the specimen may be removed from the resist spply process 
chamber wi&out adverse]^ affecting tiie coated resist The robotic wafer handler may be configured to move the 
specimen fiom resist apply process chaniber 148 to post apply bake pn>cessdi^^ The post apply bake 

1 0 process chamber may be configured to heat the resist-coated specimen at a tenqteratore of approximately 9 0 to 
proximately 140®C. The post ply bake process may be used to drive solvent out oftiie resist and to alter a 
property of the resist such as sur&ce tension. Subsequent to the post apply bake process, the robotic wafer handle 
may be configured to move the specimen from the post apply bake process chamber ISO to chill process chamber 
146. In this manner, a temperature of die specimen may be reduced to proximately 20 ''C to approximately 25 

15 ^C. 

The robotic wafer handler may also be configured to move the ^ecimen from chill process chamber 146 
to exposure chamber 134. The e3q)0sure chamber may include inter&ce system 152 coupled to lithography tool 
130. Interface system 152 may include mechanical device 153 configured to move specimens between the 
lifliography tool and the exposure chan:iber. The exposure tool may be configured to align a spedmen in the 

20 eiqposure chamber and to e3q)0se the resist to energy such as deep-ultraviolet ligh tn addition, the exposure tool 
may be configured to e^qpose the resist to a particular intensity of energy, or dose, and a particular focus condition. 
Many e^qwsure tools may be configured to alter dose and focus conditions across a specimen, for exBraple, fiom 
die to die. The e3q)osure system may ako be configured to e3q>ose an outer kteral edge of the spedmen. Lathis 
manner, resist disposed proximal an outer lateral edge of the specimen may be removed. Removing the resist at ihc 

25 outer lateral edge of a specimen may reduce contamination in subsequent processes. 

The robotic wafer handler may be further configured to move the specimen fi'om exposure chamber 134 to 
post exposure bake process chamber 154. The specimen may then be subjected to a post exposure bake process 
step. For example, tiie post exposure bake process chamber may be configured to heat the ^ecimen to a 
ten^>erature of approximately 90 'C to approximately 150 *C. A post exposure bake process may drive a chemical 

30 reaction in a resist; whidi may enable portions of the resist to be removed in subsequent processing. As such, &e 
performance of the post exposure process may be critical to the overall performance of the litiiogrq)hy process. 

Subsequent to &e post exposure process, the robotic wafer handler may be configured to move ttie 
specimen firom post expose bake process chamber 154 to chill process charhber 146* Afier die specimen has been 
chiQed, die robotic wafer handle may be configured to move the specimen to develop process chamber 156. The 

35 develop process chamber may be configured to sequratially dispense a developer chemical and water on tiie 
specimen such that a portion of the resist may be removed. As such, resist remaining on the specimen may be 
pattemed. Subsequent to the develop process step, the robotic wafer handler may be configured to move the 
specimen fiom the develop process chamber to a hard bake process chamber or a post develop bake process 
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chand^. A hard bake process may be configured to heat a specimen to a temperature of approximately 90 *C to 
approximately 130 'C. A hard bake process may drive contaminants and any excess water from the resist and &e 
specimen. The tenqserature of tiiespedmen may be reduced by chiU process as descnl>ed herein. 

In an embodiment, system 32 may be arranged laterally proximate to litiiography tool 130 or another 
S setnicondactor fabrication process tool As shown in Fig. 13, system 32 may be located proximate cassette end 160 
of lithography tool 130 or proximate exposure tool end 162 of lithography tool 130. In addition, a location of 
system 32 wi& reject to lithograpl^ tool 130 may vary depending on, for exan:q)le, a configuration of the process 
chambers within lithography tool 130 and clean room constraints for space surrounding lithogr^hy tool 130. Jn an 
alternative embodiment, system 32 may be disposed within Holography tool 130. A position of system 32 within . 

10 liftognqphy tool 130 may vary depending on, for exaa^le, a configuration of tlie process chamibm wifliin 

Holography tool 130. In addition, a pluiaHly of systems 32 may be arranged laterally proximate and/or disposed 
within lithography tool 130. Each system may be configured to measure at least two difierent properties of a 
specimen. Alternatively, each system may be similarly configured 

In either of these embodiments, robotic wafer handler 136 may be configured to move a specimen firom 

15 iiihography looi 130 to a stage witiiin system 32. For exan^ie, robotic wafer liandler 136 may be configured to 
move a specimen to a stage within system 32 prior to or subsequent to a Holography process or between steps of a 
Hthography process. Alternatively, a stage widiin system 32 may be configured to move a specimen fix)m system 
32 to Hthography tool 130. Ih an example, the stage may include a wafer handler configured to move a specimen 
fit)m system 32 to a process chamber of Oie Hthogr^hy tool 130. Furthermore, the stage of system 32 may be 

20 configured to move the specimen from a first process chamber to a second process chamber widiin Holography tool 
130. System 32 may also be coupled to the stage such that system 32 may move with Oie stage from a first process 
chamber to a second process chamber within Hthography tool 130. In Oiis maimer, the system may be configured to 
deteiinine at least two properties of a specimen as Oie specimen is being moved from a first process 
second process chamber of Hthography tool 130. An example of an apparatus and a method for scanning a 

25 substrate in a processing system is illustrated in European Patent AppHcation No. BP 1 083 424 A2 to Hmiter et al., 
and is incorporated by reference as if fiilly set forth herein. 

In an embodiment, system 32 may be configured as an integrated station platform CTSP**) systeno. An 
system may be configured as a stand-alone cluster tool. Alternatively, the ISP system may be coiq)led to a process 
tool. Fig. 14 illustrates a perspective view of an embodunent of ISP system 158 Oiat may be arranged lateraUy 

30 proximate and coi:^led to a semiconductor Mxrication process tool such as HOiogr^hy tool 130. In this manner, 
ISP system 158 may be configured as a cluster tool coiq)led to Hthography tool 130. For example, as shown in 
phantom in Fig. 13, ISP system 158 may be coupled to cassette end 160 of Hthogrq)hy tool 130. Fig. 15 fiirther 
ilhistrates a perspective view of an embodunent of ISP system 158 coupled to cassette end 160 of Hthography tool 
130. As fiirOier shown in phantom in Fig. 13, ISP system 158 may be also coi:pled to mterface system 152 at 

35 exposure tool end 162 of HOiography tool 130. ISP system 158 may be fiaOier configured as iUustrated in U.S. 
Patent No. 6,208,75 1 to Ahnogy, which is incorporated by reference as if fully set forth herein. 

ISP system 1 58 may also be coiq)led to multiple process tools. For exan^le, ISP system may be 
configured as a wafer buffer station between a Hthography tool and an etch tooL In this maimer, Oie ISP system 
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may be configuied to receive a specimBn fitom iSbs litfaogEaphy tool subseqaent to a lithogcapby process and to send 
tbe specimen to an etch tool for an etch process. In addition, fte JSP system may be configured to detemune one or 
more properties of the specimen between the Udiography and etch process. An example f a wafer buffer station is 
illustrated in PCX Application No. WO 99/60614 to Lapidot, and is incorporated by reference as if My set foidi 
herein. ISP system 158 may be further configured as described by Lapidot 

ISP system 1 58 may include one or more measurement chambers. For exsanplt, the ISP system may have 
three measoTCTent chambos 172, 174, 176. A measaremeut device may be disposed within each measurement 
chamber. Each measurement device may be configured as described herem. The measurement chanibers may be 
arranged in unit 160. Envxronmental conditions within luiit 160 may be controlled substantially independently 
fiom enviromnental conditions of the space surrounding ISP system 158. For exanq>le, enviromnental conditions 
within unit 160 such as relative humidity, particulate count, and tenQ)erature may be controlled by controller 
computer 162 coupled to the ISP system. Such a unit may be commonly referred to as a '^mini-envkomnent*' 

In addition, die one or more measurement chambers may be arranged such diat &st measurement chamber 
172 may be located below second measurement chamber 174 and such that second measurement 174 may be 
located below third maasuicmcijit dianibcr 176. In this manner, a lateral area or *lbo^rint" of tiie ISP system may 
be reduced. Furdiermore, becaiise ISP system 158 may be coiq>led to a semiconductor fabrication process tool, one 
front interface mechanical standard ('TIMS**) drop may be coi^led to bodi the semiconductor &brication process 
tool and the ISP system. As such, less FIMS drops may be required in a fabrication &cility C^O* ui 
particular a 300 mm wafer &b. A FIMS drt^ may be a medianical device configured to lower a FOUP from an 
overhead transportation system to a semiconductor &brication process tool or a stand-alone inspection or metrology 
tool. An example of a specimen transportation system is iUustrated in U.S. Patent No. 3,946,484 to Aronstein et aL, 
and is incorporated by reference as if fiiUy set forth herein. 

In an embodiment, ISP system 158 may also include wafer handler 164, receiving station 166, sending 
station 168, and buffer cassette station 170. Receiving station 166 and sending station 168 may be configured such 
that a wafer handler of a semiconductor fabrication process tool may move a specimen to the receiving station and 
from the sending station. Buffer cassette station 170 may be configured to hold a number of specimens depending 
on, for example, the relative ii^ut and output rates of a semiconductor febrication process tool and ISP system 158. 
Receiving station 1 66 may also be configured to alter a position of a specimen such that the specimen may be 
substantially aligned to a measurement device coupled to one of the measurement charnbers. For exan^le, the 
receiving station may be configured to detect a positioning mark such as a ru>tch or a flat on tiie specimen and to 
move the specimen linearly and/or rotatably. Buft«t cassette station 170 and receiving station 166 may be fisrther 
configured a buffer station as ilhistzated in U.S. Patent No, 6,212,691 to Dvir, which is incorporated by reference as 
if fully described herein. 

Hie ISP wafer handler may be configured to remove a specimen from die receiving station. In addition, 
the ISP wafer handler may be furdier configured to move the specimen into one of the measurement chambers. 
Furdiermore, the ISP wafer handler may be configured to move die specimen into each measurement chambers in a 
sequence. In tiiis manner, ^ ISP system may be configured to determine at least one property of the specimen in 
each of die plurality of measurement chambers in a parallel p^line &stiion. 
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In addition, the measurement device coupled to each measurement chamber may each be configured to 
detennine a different property f a specimen. For exaix^le, a measm^ent device coupled to first measurement 
chamber 172 may be configured to determine overlay misregistration of a specimen. A measurement device 
coupled to second measurement chamber 174 notay be configured to deteimine a critical dimension f the specimen. 
5 A measurement device coupled to ftird measurement chamber 176 may be configuied to detennine a piesence of 
macro defects on a sur&ce of fte specimen. In alternative embodiments, a measurement device coupled to one of 
the measuremrat chambers may be configured to detsnoine a presence of micro defects on a sur&ce of die 
spechnen or a dun film diaracteristic of tiie specimen. A thin film diaracteiistic may include a tfaidoaess, an index 
of refiraction, or an extinction coefficient as described herein. Additionally, wafer handler 164 may be configured. 

10 to nwve the spednienfiom each measurement chamber to sending station 168. 

Because ISP system 158 may be coupled to a somconductor &brication process tool such as li&Qgt^y 
tool 130, properties of a specimen may be deternxmed faster fbsai stand alone metrology and inspection tools. 
Therefore, a system, as described herein, may reduce the tum-around-time for determining properties of a 
specimen. A reduced tum-around-time may provide significant advantages for process controL For example, a 

1 5 reduced tum-arGund-tinic may provide tighter pruccss control of a semiconductor fabrication process than stand 
alone metrology and inspection tools. Tighter process control may provide, for instance, a reduced variance in 
critical dimension distributions of features on a specimen. 

In addition, a system as described herein may be configuied to adjust a drifting process mean to a target 
value and to reduce variance in critical dimension distribution of features on a specimen by accounting for 

20 autocorrelation in the critical dimension data. For exan^le, the critical dimension distribution of features on a 
specimen after a develop process step may be reduced by altering a parameter of an instrument coupled to an 
e?q>osure tool or a develop process chamber. Such an altered parameter may include, but is not limited to, an 
e3q>osure dose of an exposure process or a develop time of a develop process. In addition, a linear model of control 
may be used and only the of&et terms may be updated or adapted. A linear model of control may include a control 

25 function such as: y-Ax + c, where A and c are e3q)erimentally or theoretically determined control parameters, x is 
a critical dimension of the specimen or ano^r such determined property of &e specimen, andy is a parameter of 
an instrument coupled to &e semiconductor fabrication process tool. Alternatively, a parameter of an instrument 
conxpled to a semiconductor fabrication tool such as the exposure tool may be altered by using an exponentially 
weighted moving average of the of&et terms. A proportional and integral model of control may include a control 

30 function such as: c/ - DEf^el O-^Jct-l* wherein Qis an experimentally or theoretically determined control 
parameter, Et^gj is a deteimined property of the specimen, and c^ is a parameter of an instrument coupled to the 
semiconductor fabrication process tooL 

Variance in critical dimension distribution after develop may be dramatically reduced by a system as 
described herein. For exan^le, adjusting a critical dimension mean to a target value of a lot (ie., 25) of wafers 

35 using lot-to-lot feedback control may reduce critical dimension variance by approximately 65%. in addition, lot-to- 
lot feedback control may be effective if critical dimension within lot critical dimensions are correlated. For 
exanq>le, low autocorrelation may result in no reduction of critical dimension variance using lot-to-lot feedback 
control. High autocorrelation, however, may result in a 15% reduction of critical dimension variance using lot-to- 
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lot feedback control Contr Ding ciitical dimension variance using wafer-to-wafer feedback control, however, may 
be effectiv even if lot critical dimensions are non correlated. For exan^>le, low autocorrelatioii may result in a 
25% reduction in critical dimension variance using wafer-to-wafer feedback control Successful feedback control 
nuydq>end on a proven APCfitamewo]^ robust process modeling, high tiiro^^ logy, efficient 

5 production me&odology to reduce metrology delay, and enabling of process tool wafer based contzoL la addition, 
die effect of tum-around-time on control of prodoction wafers may also be examined by using multiple lot averaged 
control to adjust drift in the mean critical dimension. A target critical dimension may be set to be ^^proximately 
equal to tiie mean of the critical dimension data. As such, lot-to-lot control may result in an 8% inqxroveooent in 
critical dimension variance, ^addition, wafer-to- wafer control inay results in an 18% improvenient in 

10 dimension variance. 

Fig. 16 illustrates a schematic side view of an embodiment of system 32 disposed within measurement 
chamber 178. For exanq}le, system 32 may include stage 42 disposed within measurement chamber 178. In 
addition, system 32 may include measurement device 34 disposed witiiin measurement chamber 178. Measurement 
chamber 178 may also include opening 179 and a mechanical device (not shown) coupled to opening 179. In 

1 5 addition, measurement chamber 178 may include a plurality of such openings and a mechanical device coupled to 
each of ^ openings. The mechanical device may be configured to place an object such as a thin sheet of metal in 
front of opening 179 and to remove the object from tiie opening. In tiiis manner, the mechanical device may be 
configured to provide access to the measurement chamber, for example, when specimen 40 is being disposed upon 
stage 42 through opening 179. Specimen40maybedisposedi:9onstage42byany of the methods or devices as 

20 described herein. Subsequent to disposing specimen 40 on stage 42, tfie object may be placed in frK>nt of opening 
179 by the mechanical device such that environment conditions such as relative humidity, temperature, and 
particulate count within the measurement chamber may be maintained and/or controlled. In this manner, system 32 
may be configured to deteimine a property of specimen 40 under maintained and/or controlled environmental 
conditions, which may increase the reliability of the systenL In addition, exposure of conq)onents of system 32 

25 including, but not limited to, measurement device 34 to environmental conditions external to the measurement 
chamber may be reduced. As such, contamination and/or degradation of the conq>onent5 of system 32 may be 
reduced tiiereby reducing die probability of system &ilure, associated maintenance and repair costs, and increasing 
a lifetime of tiie system. 

The system may also include processor 54 disposed outside of measurement chamber 178. In this manner, 
30 the processor, which may be configured as a controller conq)uter, may be accessed outside of Ae measuranent 
chamber, for example, by an operator. In addition, arranging processor 54 external to measurement chamber 178 
may reduce the dimensions of measurement chamber 178. By reducing the dimensions of measurement chamber 
178, system 32 may be coupled to or disposed within a larger number of process tools than a conventional 
metrology and/or inspection system For example, measurement chamber 178 may be configured to have 
3 5 approximately the same dimensions as a process chaniber of a semiconductor fabrication process tool. In this 

manner, S3fstem 32 may be disposed within an existing semiconductor &brication process tool, as shown in Fig. 13, 
without altering an arrangement of tiie process chambers of the semiconductor &brication process tool. For 
exan:^le,nieasurenientdianaber 178 niay disposed within tiie tool by replad^ f the process chanibeiswitii 
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measurement chamber 178. System 32 may be further configured as described herein. 

Fig. 17 illustrates a schematic side view fan embodiment f measurement diamber 178 coupled to a 
process tool such as a semiconductor fabricati n process tool. As shown in Fig. 17, measurement chamber 178 
may be arranged laterally proximate to process chamber 180 of a process tool Alternatively, the measurement 
5 chamber may be arranged vertically proximate to process diamber 1 80. For example, the measuzement ehainber 
may be arranged above or bebw process chamber 180. As.showninFig. 17, process chamber 180 may be a resist 
apply chamber as described herein. For example, specimen 182 may be disposed xspaa stage 184. Stage. 184 may 
be configured as a motorized rotating chuck or any otiher device known in the art A resist may be dispensed onto 
specimen 182 fcom dispense system 186. Dispense system 186 may be coiq)led to a resist supply and may inchide 

10 a number of pipes and/or hoses and conbols such as valves such ^t resist may be ttansfeired fix>m the resist 
Sfopply to specimen 182. The dispense system may also be coupled to a controller computer, which may be 
configured to control the dispense system. For example, the controller computer may include processor 54 as 
described herein. Stage 184 may be configured to rotate such that die dispensed resist may spread over specimen 
182 and such that solvent may evaporate from the dispensed resist Process chamber 180, however, may include 

IS any of the process chambers as described herein. In addition, measurement chamber 178, process chamber 180, 
processor 54 may be arranged in a modular architecture as illustcated in PCT Application No. WO 99/03133 to 
Mooring et aL, which is incorporated by reference as if fully set forth herein. 

In an embodiment, therefore, specimen 182 maybe easily and quickly be moved from process chamber 
1 80 to measurement chamber 178 (or fiom measurement chamber 178 to process chamber 180) by a robotic waf^ 

20 handler of a process tool, by a wafer handler of an ISP system, or by stage 42 as described herein. In this maimer, 
system 32 may be configured to determine at least a first property and a second property of the spedmen prior 
between process steps of a process. For exao^ile, in a h&ogr^y process, first and second properties of a 
specimen may be determined subsequent to resist apply and prior to eaqiosuro. In an additional example, first and 
second properties of a specimen may be determined subsequent to exposure and prior to post exposure bake. In a 

25 further example, first and second properties of a specimen may be determined subsequent to post exposure bake 
and prior to develop. First and second properties of a specimen may also be determined subsequent to develop. 
Furdiermore, such a system may be configured to determine at least a first property and a second property of the 
specimen prior to substantially an entire process or subsequent to snbstantiaDy an entire process. A system 
configured as described above may also have a relatively short tum-around-time. As described above, therefore, 

30 such a system may provide several advantages over currently used metrology and inspection systems. 

A process tool such as a semiconductor fiabrication process tool may include a xmmber of siq>port devices 
such as stage 1 84, as shown in Fig. 17, vAack may be configured to si^port the specimen during a process step. 
For exanq>le, a support device may be disposed within each process chamber coupled to a process tooL 
Appropriate suj^ort devices may include, but are not limited to, a spin coater, a bake plate, a chill plate, an 

35 exposure stage, and an electrostatic chuck in an etch or deposition chamber. Each support device may have an 
upper surface upon which a specimen may be disposed. An upper surface of each support device may be 
substantially parallel to an vppex surface of other support devices arranged within die process tool, ie., orientations 
of each support device withm each process chamber, respectively, may be substantially paxalleL Li an embodiment, 
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a stage of a system, as descdbed herein, may als have an upper sui&ce ^bich may be substantially parallel to an 
yjpptt surface of a support device of the process tool, as shown in Fig. 17, i.e., an rientation of &e stage wiAin a 
measurement chamber such as measurement chamber 178 may be substantially parallel to orientations of each 
siqjport device witiiin each process chamber, respectively. 
5 In an alternate embodiment, a stage of a system, as described herein, may have an upper surface that may 

be arranged at an angle with respect to an upper surface of a support device, ie., an orientation of the stage wifliin a 
measurement chamiber may be at an angle to orientations of each support device within each process chamber, 
respectively. For exaiiq)le, an upper surface of the stage may be arranged at a 90 ° angle witii respect to an upper 
surface of a support device of a process tool Alternatively, an i^ypersur&ceof&e stage may also be arranged at . 

10 an axigleofless&an 90 ""wrSi respect to an upper surface of the siqjportdev^ At such angles, a vacuum may be 
pulled on a surface of a specimen to maintain a position of flie specimen on the stage. 

An orientation of a measurement device disposed within a measurement chaniber with such a stage may 
also be altered. For exan:q)le, die measurement device may be arranged at an angle such that a spatial relationshq> 
(i.e., any of the spatial arrangements shown in Figs. 3-7, lla-12, and 16-17) between the measurement device and 

IS the stage may be maintained. Such a stage may also be arranged at an angle with respect to an illumination syst^ 
and a detection system of the measurement device. In this manner, a specimen may be tilted with respect to the 
measurement device during inspection or metrology processes which may be performed by a system as described 
herein. 

An angled orientation of die stage within a measurement chaniber as described above may allow a lateral 

20 dimension of the measurement chamber to be reduced. For example, the iUumination system, die detection system, 
and die stage may be arranged in a more conq)act geometry than conventional inspection and metrology systems. 
In particular, a lateral dimension of a measurement chaniber may be gready reduced for relatively large diameter 
specimen such as 200 mm wafers and 300 mm wafers. As such, disposing such a measmrement device widiin a 
semiconductor fabrication process tool may be less likely to require retrofitting of the semiconductor fabrication 

25 process tool Therefore, existing configurations of semiconductor fabrication process tools may be less likely to 
prohibit disposing the system within the semiconductor ^rication process tool 

Fig. 18 illustrates a schematic side view of an embodiment of system 32 coupled to process chamber 188. 
The process chamber may be a process chamber caapled to a semiconductor fabrication process tool. Stage 190 
may be disposed widiin process chamber 1 88. Stage 190 may be configured to support specimen 192, for exan^le, 

30 during a semiconductor fabrication process step. System 32 may be coupled to process chamber 188 such that 
measurement device 34 may be external to process chaniber 188 but may be coupled to stage 190 disposed within 
die process chamber. For exsnspk, process chamber 188 include one or more relatively small sections 194 of a 
substantially transparent material disposed widiin one or more walls of die process chamber. Sections 194 may be 
configured to transmit a beam of energy fiom an energy source of the measurement device outside the process 

35 chamber to a surface of a specimen within the process chaniber. Sections 194 may also be configured to transmit a 
beam of energy retumed from die surface of die specimen to a detector of measurement device 34 outside process 
chaniber 1 88. The substantially transparent material may have optical or material properties such that the beam of 
energy from die energy source and the returned beam of energy may pass through sections 194 of the process 
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chamber without undesirably altering the properties f the directed and returned energy beams. For exanqile, 
undesirably altering the properties of the energy beans may inchide, but is not limited to, altering a polarization or 
a wavelength of &e enogy beams and increasing chromatic abeoation of the energy beams, la addition, sections 
194 maybe configured such that dqiosition of process residue fiom a chemical using during piooessing of a 
S specimen may be reduced as described m PCT Application No. 99/65056 to Grimbergen et aL, which is 
incorporated by reference as if fully set forth herein. 

An appropriate system and method for coupling a measurement device external to a process chamber and a 
stage disposed within Ihe process chamber may vary, however, depending on, for exaxxq>le, a configuration of ^e 
process chamber and/or a configuration of &e measurement device. For exan^le, the placement and dimensions of 

10 relatively small section 194 disposed within die walls of process chamber 188 may vary depending on the 

configuration of &e conqtonents widiin the process chamber. As such, «q)osure of measurement device 34 to 
chemicals and environmental conditions widiin process chamber 188 may be reduced, and even substantially 
eliminated. Furdiennore, measurement device 34 may be externally coiq>led to process chamber 188 such that Ihe 
mcasuremeiit device issy sot alter operation, performance, or control of a process step carried out in process 

IS chamber 188. 

A measurement device, as shown in Fig. 1 8, may be configured to direct energy toward a surface of a 
specimen during a step of a process such as, in an ^can^le of a Ulhography process as described above, during a 
chill process subsequent to a post apply bake process, a post exposure bake process, a develop process, or any of 
^e process steps as desoribed herein. In addition, the measurement device may be configured to detect enngy 
20 returned from the surface of&e specimen during the step of the process. Hie measurement device may be 

configured to detect energy returned fiom a specimen substantially continuously or at various time intervals during 
a process step. 

The system may include a processor configured to determine at least a first and a second property of a 
specimen during a process step. For example, the processor may be configured to determine at least two properties 
25 of a specimen such as critical dimension and overlay misregistration fiom ike energy detected during a process 

step. In an additional embodhnent, the processor may also be configured to detect variations in the energy detected 
by a measurement device during the process step. For example, its processor may be configured to obtain a 
signature characterizing the process step. The s^gnatiu?e may inchide at least one singularity rqnssentative of an 
end of the process step. 

30 In an additional embodiment, the processor may also be cot^led to a process tool such as a lidiography 

tool and may be configured to alter a parameter of an instrument coupled to the process tool. For exanqile, the 
processor may alter a parameter of an instrument coupled to a process tool in response to the detected singularity as 
described above. Hie parameter of the instrument may be altered such diat the process step may be terminated 
subsequent to detection of die singularity. In addition, the processor may be configured to alter a parameter of an 

35 instrument of a process tool m response to at least one detommed property of die specimen using an in situ control 
technique. 

In an additional embodiment, tihe processor may be configured to monitor a parameter of an mstrument 
coupled to a process tool such as a semiconductor &brication process tool. For exan^le, die processor may be 
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coupled to a resist apply process chamber of a li&ogr^hy tool and maybe conflguxed to monitor a parameter of an 
instrument coupled to the resist app]y chamber. La this manner, the processor may be configured to monitor a spin 
speed of a motorized chuck of &e resist apply chamber, a dispense time of a dispense system of the resist ^ly 
chamber, and/or a temperature and a humidity f the resist apply chamber. The processor may be fixrttier 
5 configured as described in an example of a me&od and apparatus for providing real-time information identifying 
tools visited by a wafer under inspection and the process parameters used at fliose tools illustrated in Eumpean 
Patent Application No. EP 1 071 128 A2 to Somekfa, which is incorporated by reference as if fiiUy set forth herein. 
In addition, the processor may be configured to determine a relattonship between at least one detemuned property 
of a specimen and a numitoredparanieters of an instrument coi^led to a process t^^ For example, the processor . 

1 0 may be configined to determine a relationship between a presence of defects on the surface of a resist layer finmed 
on a speciinen and a monitored tenQ)eratureazKd/Qrhmnidify of the resist s^lyc^ Fur&ermore, the 
processor may be configured to alter &e monitored parameter of the instrument in response to the determined 
relationship. For exan^le, the processor may be configured to use a determined relationshq> to alter a parameter of 
an instrument coupled to the resist apply chamber such diat the ten:q>erature and humidity of the resist apply 

1 5 chamber may be altered in response to a determined presence of defects on ^e surface of the specimen. 

The processor may also be configured to alter a parameter of an instrument coupled to a process tool in 
response to at least one determined property using a feedback control technique. F ur t h e rmo re, &e processor may 
also be configured to alter a parameter of an instrument coupled to a process tool in response to at least one 
detennined property using a feedforward control technique. For cxmsple, the system may be configured to 

20 detemame at least two properties of a specimen during a develop process. The processor may be configured to alter 
a parameter of an instrument coupled to the develop process chamber in response to at least one of flie detemuned 
properties during developing of the specimen or prior to developing additional specimens. In addition, Ihe 
processor may be configured to alter a parameter of an instrument coupled to a process chamber such as a hard 
bake process chamber in response to at least one of the determined properties prior to finther processing of die 

25 specimen in the process chamber. In addition examples, the processor may be configured to alter a parameter of an 
instrument coi^led to an closure tool, a post exposure bake chamber^ a resist apply chamber, and any other tools 
or chamber included in the cluster tool. 

In a further embodiment, the processor maybe configured to conq)are at least one detemained property of 
the specimen and properties of a plurality of specin^ns. For example, dxe plurality of specimens may include 

30 product wafers processed prior to the processing of the specimen. At least two properties of the plurality of 

specimens may be determined prior to processing of the specimen with a system as described herein. The plurality 
of specimens may also include specimens within the same lot as &e specimen or specimens within a different lot 
than the specimen. As such, &e processor may be configured to monitor a process such as a semiconductor 
fabrication process using a wafer-to-wafer comparison technique or a lot-to-lot conqiarison technique. In this 

3 S manner, the processor may be configured to monitor the performance of the process and to determine if the 

performance of the process or a process tool is drifting. A method an apparatus for reducing lot to lot CD variation 
in semiconductor wafer processing is illustrated in European Patent Application No. EP 1 065 567 A2 to Su, and is 
incorporated by reference as if fully set forth hecein. 
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Altematively , tiie processor may be configured to con^)are at least one determined property f the 
specimen to a predetennined range for at least the one property. The predetennined range may be detemained, for 
exanq)le, from design constraints for the specimen. In addition, the predetennined range may be determined by . 
using a statistical process control n:ietii0d to determine an average of at least the one property and additional 
5 statistical parameters such as a variance ofat least die one property for a process. &i addition, the processor may be 
configured to generate an ou^ut signal if at least tibe one detennined property is outside of a predetermined tange. 
The output signal may be a visual signal such as a signal displayed on a monitor coi^led to ibs processor. The 
monitor may be disposed m a semiconductor fibrication fiicility such Oat the displayed signal may be viewed by an 
opeialor. Ahematively, die output signal nuay be any signal known in the art signal such as an audible signal or a ^ 

1 0 plurality of signals. 

In addition, subsequent to determining the property of the specimen, die processor may be configured to 
determine if additional processing of the specimen may be performed. Additional processing of the specimen may 
be altered or performed to alter the determined property. Such additional processing may be commonly refeired to 
as ^^reworking." In this manner, the processor may be configured to make automated rework decisions. For 

1 S example, such additional processing may include reprocessing the specimen such that one or more process stqps, 
which may have already been performed on the specimen, may be repeated. In addition, a parameter of one or 
more instnunents coupled to one or more process chambers configured to perform the repeated process steps may 
be altered in response to the determined property using a feedforward control technique. In this manner, such 
additional processing of the ^ecimen may be configured to alter the determined property by altering a parameter of 

20 the instrument m response to the detemiined property. As such, such additional processing may alter the 

determined property such that the detemmed property may be substantially equal to an expected value for tiie 
property or may be within a predetemuned range for the property. 

In an additional embodiment, the processor may be configured to alter a sanq)ling frequency of a 
measurement device in response to at least one determined property of a specimen. For example, if a detennined 

25 property is substantially different than an expected value for the property, or if a determined property is outside of a 
predetennined range for the property, then the processor may increase the san^)ling frequency of the measurement 
device. The sampling frequency may be altered, for example, such that the measurement device is configured to 
. direct and detect energy from an increased number of locations on the specimea In this manner, the sampling 
frequency may be altered using an in situ control technique. In addition, die sampling frequency of the 

30 measurement device may be altraed to determine statistical data of die determined property across the specimen 
such as an average of the determined property across tiie specimen. As such, die detennined property may be 
classified as a random defect a repeating defect, or as another sudi defect 

In an additional example, the sampling frequency of a noeasurement device may be altered such that 
subsequent measurement or inspection of the specimen may be increased. In this manner, the san^ling frequency 

35 may be altered using a feedforward control technique. Subsequent measurement or inspection may include 

transferring the specimen to an additional system, which may be configured as described herein, to finther examine 
the determined property of the specimen. An appropriate additional system for such further examination of tiie 
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detetmmed property of the specimen may include a system having a higher sensitivity, a higher magnification, 
and/or an increased resolution capability itm the system used to initially determine the property. 

Alternatively, the sanq)ling frequency may be altered such tiiat the measurement device is configured to 
direct and detect energy from an increased number of locations on additional specimens that may be in die same lot 
5 as the specimen. Furthermore, the sampling frequency may be altered such that the measurement de^ 
configuied to direct and detect eneigy from an increased nuniber of speciniens in the sai^ 
from a number of specimens in an increased number of lots. In *hi'g manner, the san:q)ling frequency may be altered 
using a feedback control technique. As sudi, the samplixig frequency may be altered using an in situ contiol 
technique, a feedforward control technique, or a feedback control technique. In addition, each of these control 

1 0 techniques may be used to aher the sanopling frequency of a measurement device on a wilhin-wa&r basis, a widiin- 
lot basis, and/or a lot-to-lot basis. 

In a fiirther embodiment, the processor may be configured to generate a database. The database may 
include a set of data diat may include at least first and second properties of a specimen. The processor may be also 
be configured to calibrate the measurement device using the database. For example, the set of data may include at 

1 S least a first and second property of a reference specimen. The measurement device may be configured to detemme 
the first and second properties of the reference specimen. In this manner, die processor may be configured to 
calibrate the measurement device by con^aring the first and second properties of the reference specimen in the 
database and die detennined first and second properties of the reference specunen. For exanq>le, die processor may 
be configured to determine a correction factor from the conqiarison of die first and second properties in the 

20 database and die deterniined first and second properties ofthe reference specimen. In addition, the processor may 
be configured to use the correction fru:tor to determine first and second properties of additional specimens. 

In an additional embodiment, the processor may be configured to monitor die measurement device using 
the database. For example, the database niay include at least two properties of a specimen. The system may be 
configured to determine at least die two properties of the specimen at predetermined intervab of time. The 

25 processor may be configured to compare at least the two properties of die specimen determined at different times. 
As such, the processor may be configured to determine if the performance of the measurement device is changing 
over time, hi an additional exanqile, the processor may be configured to generate a set of data that may include at 
least a first property and a second determined property of a pluraHty of specimens at predetennined time intervals. 
As such, the processor may also be configured to conq>aTe at least die first and second properties of a plurality of 

30 specm^ns using the database. The first and second properties of a specunen or a plurality of spechnens maybe 
detemoined using the measurement device or using a plurality of measurement devices. The processor may be 
finrdier coupled to die phiraUty of measurement devices. Therefore, the processor may also be configured to 
calibrate the plurality of measurement devices using the database as described above. In addition, the processor 
may also be configured to monitor the plurahty of measurement devices using the database as described above. 

35 As described above, the processor may be coiq)led to a plurahty of measurement devices. In an additional 

embodiment, the processor may be configured to alter a parameter of an instrument coupled to at least one of die 
plurality of measurement devices. Each of the measurement devices may be configured as a stand-alone metrology 
or inspection device. Alternatively, each of the measurement devices may be coupled to at least one of a pluraHty 
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fprocess tools as descnbedhereiiL Furfhennoit, the processor znay be coi^led to at least one process tool In this 
manner, the processor may be configured to alter a parameter of an instrument coi^led to at least one of the 
plurality f process tools. In addition, the processor may be configured to alter a parameter of a plurality f 
instruments. Each ftiie instruments maybe coupled to one of the phurality of process toob. The processor, 
S however, may also be configured to alter a parameter of a plurality of instruments coupled to at least one of the 
phirality of process tools. For exan^le, the processor may be configured to alter a parameter of flie instrument in 
response to at least one of the determined properties using an in-situ control technique, a feedback control 
technique, and a feedforward conliol technique. 

In an ^nbodimcnt, the processor may include a local processor coiqpiled to the measurement device. The . 

1 0 processor, however, may also include a remote controller computer or a remote controller computer coipled to a 
local processor. The local processor may be configured to at least partially process a signal generated by die 
measurement device. Tlie signal may be generated by die detection system and inay be an analog signal or a digital 
signal. For example, the system may also inchide an analog-to-digital converter. The analog-to-digital converter 
may be configured to convert a signal generated by the detection system such that a digital signal may be sent to the 

1 5 local processor or the remote controller computer. In addition, the remote controller computer may be configured 
to furdier process the at least partially processed signal. For example, the local processor may be configured to 
determine at least a first property and a second property of a specimen. In this manner, the remote controller 
conqniter may be configured to furdier process at least the two determined properties. For exanq>le, fiirdier 
processing the detennined properties may include conq)anng the determined properties to a predetemuned range 

20 for each property. In addition, die remote controller con^uter may be configured to generate an ou^ut signal if the 
detomined properties are outside of die predetermined range. 

The processor may also take various forms, including, for exantq>le, a personal con^^uter system, 
mainframe conqmter system, workstation, network appliance, Intemet appliance, personal digital assistant 
("PDA"), television system, or other device. In gcnsaly the term "processor" may be broadly defined to encoi^pass 

25 any device having a processor, which executes instructions from a memory medium^ Examples of processors and 
control methods are illustrated in U.S. Patent Nos. 4,571,685 to Kamoshida, 5,859,964 to Wang et al., 5,866,437 to 
Chen et al., 5,883,374 to Mathews, 5,896,294 to Chow et al., 5,930,138 to Lin et aL, 5,966,312 to Chen, 6,020,957 
to Rosengaus et aL, and are incorporated by reference as if fully set forth herein. Additional exanq>les of 
processors and control mediods are illustrated in PCT Application Nos. WO 99/59200 to Lamey et al. and WO 

30 00/15870 to Putnam-Pite et al., and are inccnporated by refisrence as if ftdly set forth herem. 

Fig. 19 ilhistrates an embodiment of a mediod for detemoinmg at least two properties of a specimen. As 
shown in step 196, the method may include disposmg a specimen iqson a stage. The stage may be coiqiled to a 
measurement device. The measurement device may be configured as described herein. For exanq)le, the 
measurement device may include an illumination system and a detection system. As shown in step 198, die method 

35 may include directing energy toward a surface of a specimen using ifae fll tmiinat inTi fiystem. in addition, die 
method may include detecting energy propagating from the surface of the specimen, as shown in step 200. 
Furthermore, die method may include processing die detected energy to determine at least a first property and a 
second property of a specimen, as shown in step 202. The first property may include a critical dimension of the 
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specimen, A critical dimensi n may include, but is not limited to, a lateral dimension of a feature of the specimen. 
A feature may be fomied on an upper surface of die specimen or in die specimen as described herein. The second 
property may include an overlay misregistration of the specimen. Overlay misregistration may mclude a lateral 
displacement of a first feature on a first level f a specimen with respect to a second feature on a second level of a 
5 specimen. Ihe first level may be formed above the second level 

The stage may be configured as described herein. For exanq>le, the stage may be configured to move 
laterally and rotatably. In &is manner, the mediod may include lateiaUy or rotatabJy moving the stag& Laterally or 
rotatably moving die stage may include arranging die specimen such that energy firom die measurement device may 
be directed to and may propagate &om file specimen. The method may also include laterally and/or rotatably 

1 0 moving the stage while energy is being directed toward a sur&ce of the specimen and while energy is being 
detected fit>m the sur&ce of the specimen. As such, the inethodxnay include nioviiigfhe stage laterally and/or 
rotatably during measurement or inspection of a sur&ce of a specimen. In this manner, light may be directed to and 
may propagate from a plurality of locations on a surface of the specimen during measurement or inspection of a 
siirface of the specimen. As such, the system may be configured to determine at least two properties of a specimen 

15 at nmltiple locations on me specimen, in a further embodiment, the method may include rotating the stage ^^lile 
moving the measurement device linearly along a lateral dimension of a specimen as described herein. 

An illumination system of die measurement device may be configured as described herein. In addition, a 
detection system of the measuronent device may be configured as described herein. For example, the measurement 
device may include, but is not limited to, a non-imaging scatterometer, a scatterometer, a spectroscopic 

20 scatterometer, a reflectometer, a spectroscopic refiectometer, a spectroscopic ellipsometer, bright field imaging 

device, a dark field imaging device, a bright field and dark field imaging device, a coherence probe microscope, an 
interfer^ce microscope, and an optical profilometer. In addition, the measurement device may include any 
combmation of the above devices. As such, die measurement device may be configured to function as a single 
measurement device or as multqile measurement devices. Because multiple measurement devices may be 

25 integrated into a single measurement device of a system, optical elements of a first measurement device, for 
example, may also be optical elements of a second measurement device. 

In an embodiment, the method may include processing the detected energy to determine a third property of 
the specimen. A tiiird property of the specimen may include, but is not limited to, a presence, a number, a location, 
and/or a type of defects on the surface of the specimen and a flatness measurement of the specimen. The defects 

30 may include macro defects and/or nucro defects as described herein. In addition, die method may include 

processmg the detected energy to determine a third property and a fourth property of a specimeiL For exanq)le, the 
third property may include a presence, a number, a location, and/or a type of defects on the surface of the spedmen, 
and the fourtii property may include a flatness measurement of the specimen. As such, the method may be used to 
determine a critical dimension, an overlay misregistration, a presence, a number, a location, and/or a type of defects 

35 on the specimen, and a flatness measurement of the specimeiL The mediod may include determining such 

properties of a specimen sequentially or substantially simultaneously. In an additional embodiment, the method 
may include directing energy toward a firont side and/or a back side of a specimen. As such, the method may also 
inchide detecting energy propagating fiK>m the front side and/or the back side of the spedmen, respectively. In tiiis 



66 



wo 02/25708 PCT/USO 1/42251 

maimer, the method may also include determining a presence, a number, a location, and/or a type of defects on a 
bade side of the specimen. The defects may include macro defects. 

In an embodiment, the stage and measurement device may be cot^led to a process tool such as a 
semiconductor fabrication process tool The semicoiuhictor febrication process tool may include a lithogr^hy tool 
as described herein. The stage and rneasuiement device may be arranged kteraOy proximate to the process too^ 
described herem. For exanq)le, die stage and nieasuron^ device may be disposed wrifain an ISP system a^ 
described above. Alt^mtively, the stage and die nieasurernent device inay be disposed widiin the pr^ 
For example, the stage and measurement device may be disposed widiin a measurement chani^ The 
measurement chamber may be coiq>led to the process tool. For exasqsie, the measurement chamber may be 
arronged laterally proximate to a process chambo: of the process tooL Alternatively, die measurement chamber 
may be arranged vertically proximate to a process chamber of the process tool. The measurement chamber may be 
configured to isolate the measurement device and the stage from environmental conditions widdn the process tooL 

la an embodiment, a support device may be disposed widiin a process chamber of the process tool The 
support device may be configured to siqjport the specimen during a process step. For exan:q>le, a support device 
disposed wiiiiin a resist apply chamber of a limography tool may include a chuck coupled to a motorized rotation 
device. As such, the support device may be configured to support the specimen during a resist apply process step 
of a lidiography process. A support device may also include, for exanq)le, a bake plate disposed within a post 
apply bake chamber. The bake plate may be configured to support the specimen during a post apply bake process 
step of die lidiogr^hy process. An xtpper sur&ce of the support device may be substantially parallel to an rxpper 
surface of the stage of the system. Alternatively, aniq>per sur&ce of the stage maybe angled widi respect to an 
upper sur&ce of the support device. The stage may also be configured to hold a specimen in place at such an angle 
by drawing a vacuum through an upper sur&ce of the stage or by an appropriate mechanical device. In this 
manner, a stage and measurement device may be substantially perpendicular to a st^ort device disposed within a 
process chamber. As such, the system may be arranged essentially on its "side." The term "side," as used herein, 
generally refers to a lateral sidewall of a conventional metrology or inspection system. The orientation of the stage 
with respect to a support device of a process chamber may vary depending on, for exan5>le, the dimensions of a 
process tool and an arrangement of process chambers widiin the process tool. For exair^le, die stage may be 
arranged at a perpendicular angle with respect to the support device such that die measurement device and stage 
may be disposed widiin an existing process tool, hi this manner, the system may be disposed within a process tool 
without reconfiguration of the process chambers. 

In an additional embodiment, the process tool may include a wafer handler configured as described herein. 
For example, the wafer handler may be configured to remove a specimen firom a process chamber subsequent to a 
step of a process. The wafer handler may also be configured to place a specimen into a process chamber prior to a 
step of a process. In this manner, die wafer handler may be configured to move die specimen from a first process 
chamber to a second process chamber between steps of a process. Disposing the specimen upon the stage, as 
shown in step 196, may include moving the specunen from the process tool to the stage using the wafer handler. In 
addition, the method may include moving the specimen to the process tool subsequent to directing energy toward a 
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sui&ce of &e specimea and detecting energy propagating fcom a snr&ce of ^ specimen. In tins manner, the 
method may inchide determining at least two properties f the specimen between process steps of a process. 

In an alternative embodiment, die stage of die system may be disposed widiin a process chamber of the 
process tool. As such, &e stage may be configured to function as a support device as described herein and may 
5 si^ort die specimen during a process step. In this mamier, disposmg the specimen \xpon a stage, as shown in step 
196, may include disposing die specimen upon a support device widiin a process chaniber of a process tool Tlie 
me&od may also include directing energy toward a surface of the specimen and detecting energy propagating fit>m 
the suificeofthe specimen during a process step. In diismamier, the system may be configured to detemiine at 
least two properties of a specimen at predetermined tone intervals during a process step. In an erhbodiment, the . 

10 mediodnmy also inchide obtaining a signature characterizing a process step. The signature may include at least 
one singularity that may be representative of an end of die process st^ as described here^ Furdxermore, die 
mediod may include altering a paramet^ of an instrument coupled to a process tool in response to at least one of 
the detemuned properties using an in situ control technique. 

In an embodiment, die stage and die measurement device may be coi^Ied to a wafer handler of a process 

15 tool The wafer handler may be configured to support and move a specimen as described herein. In diis manner, 
the method may include directing energy toward a surface of the specimen and detecting energy propagating from 
the sui&ce of the spedmen during movement of die spedmen. As such, the method may also include determining 
at least two properties of a specimen while moving a specimen from a first process chamber to a second process 
chamber. In this manner^ the method may include detennming at least two properties of a specimen between any 

20 two process steps of a process. For exanq[>le, die mediod may include dulling the specimen in a first process 
chaniber. In addition, die mediod may include applying resist to the specimen in the second process chaniber. 

In additional examples, die method may include chilling die specimen in a first process chamber 
subsequent to a post apply bake process step. The mediod may also mclude exposing die specimen in the second 
process diamber. Ma further exanq)le, the method may indude chilling die specimen in a first proce^ 

25 subsequent to a post exposure bake process and developmg the spedmen m a second process chamber. 

Additionally, die mediod may include developing the specimen in a first process chamber and baking die specimen 
in a second process chamber. Furthermore, the method may include developing tiie specimen in a first process 
chamber and receiving the specimen in a wafer cassette in die second process chaniber. In this manner, the method 
may include determining at least two properties of a specimen between any two process steps of a semiconductor 

30 fiibrication process. 

In an alternative embodiment, the measurem«Qt device may be coi^led to a process diamber such diat 
moving die spedmen to or from the proc^ chaniber may indude moving the specimen under die measurement 
device. In this manner, the stage may mchide die wafer handler. 

In an embodiment, the method may include comparing the determined properties of a specimen and 

35 determined properties of a plurality of specimens. For example, the mediod may include monitoring and evaluating 
a semiconductor &brication process using a wafer-to-waf(a control tedmique. In addition, the mediod may indude 
conq)aring properties of a specimen determined at a first location on the specimen to properties of the specimen 
determined at a second location on the specimen. As such, the method may include monitoring and evaluating a 
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scmiconductoi febhcation process using a within-wafer control technique. Alternatively, &e mediod may also 
include conmaring the determined properties of a specimen to a predetermined range for each property. Hie 
predetemiined range may vary depending on, for exaiiq)le, design constraints for each property such as an 
acceptable range of lateral dimensions f r a feature on die specimen or an acceptable presence of defects on the 
S sur&ce of die specimen. The method may also include generating an output signal if the determined properties of 
the specimen are outside of Ifae predetermined range for tiie property. Hie output signal may take various forms 
such as a visual signal and/or an audible signal. In addition, tiie output signal may be configured to indicate which 
of file determined properties is outside of flie predetermined range and the extent to which the determined property 
is outside of tiie predetennined range. 

10 In an additional enibodiment, the method may inchide altering a 8anq>ling frequency of the measurement 

device in response to at least the detemoined first or second property of the specimen. For exan^le, die method 
may inchide increasing a sanq)]ing fieqnoicy of fiie measurement device in response to the determmed properties. 
The san^ling frequency may be increased such that at least two properties msy be determined at an increased 
number of locations on a single specimen. Alternatively, the sampling frequency may be increased such that at 

1 5 least two properties may be determined for an increased number of specimens such as within a lot of wafers. In 
addition, the sampling frequency may be increased such that at least two properties may be detemiined for an 
increased number of lots. 

In an enibodiment, die method may also include altering a parameter of an instmment coupled to a 
measurement device in response to at least one of the determined properties of the specimen using a feedback 

20 control technique. For example, if a property of die spechnen is determined to be outside of a predetemiined range, 
the method may inchide increasing a sanq>Iing frequency of a measurement device prior to detnmining at least two 
properties of additional specimens with the measurement device. Ihe additional specimens may have been 
subjected to substantially tlie same process step or process as die specimen having at least one propoty outside of 
die predetermined range. In this manner, die method may include sainpling an increased nuniber of specimens such 

25 that data may be generated, which may be used to determine if the property of the specimen outside of tlie 
predetemuned range is occurring systematically or randomly. 

In an additional embodiment, the method may include altering a parameter of an instrument coupled to a 
measurement device in response to at least one of die determined properties of a specimen using a feedforward 
control technique. For exaiiq)le, the method may include determining at least two properties of a specimen 

30 subsequent to a first process step of a process using a measurement device. The mediod may also include 

determining at least two properties of a specimen subsequent to a second process step of the process using the 
measurement device. If one of the properties of die specimen determined afier the first process step is outside of 
die predetemnned range, a sanq)ling frequency of die measurement device may be increased prior to detemiining at 
least two properties after the second process step. For example, the second process step may include reprocessing 

35 die specimen or performing a process step of a process which has been altered in response to at least one of the 

properties detemuned after the first process step. For example, die second process step may be configured to alter 
the property of the specimen such that the propeity may be within die predetermined range subsequent to the 
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second process step. In this manner^ tiie method may be used to detenmne if fhe second process step has altered the 
property of ihe specimen. 

In an additional embodiment, the method may include generating a database. The database may include at 
least two determined properties of a specimen. The method may also inchide calibrating the measurement device 
5 using the database. For exanople, the database may inchide at least a first and second property of a reference 
spedmen. Li addition, ^einethodinay include detemiiaingAe first and second properties o 
spedmen with the measurement device. Li this manner, tibe method may include calibrating the measurement 
device by comparing at least one of die properties of the reference specimen in die database and at least one of the 
properties ofdie reference specimen deteimmed with fliemeasurenient device. FQrexanq)le,tfa6niediodmay 

1 0 inchide detenninmg a correction fiictor fiom the conxparison of at least one property of the reference specimm and 
using die correction &ctor to determine at least die first and second properties of additional specimens. 

hi an additional embodhnent, die method may inchide monitoring the determined properties generated by 
the measurement device using die database. For exanqile, the database may include at least two properties of a 
specimen. The method may also include determining at least the two properties of the specimen at predetermined 

15 intervals of time. In this manner, the mediod may be include con^anng at least die two properties of the specimen 
in the database to at least die two properties of the specimen detenmned at various times. As such, the method may 
include determining if the performance of the measurement device is changing over time. In an additional 
example, the method may inchide generating a database diat may include at least two properties of a plurality of 
spechnens. At least the two properties of the plurality of specimens may be determined 

using die measurement 

20 device. As su<±, die xnediod may mcludecon^)aring at least one ofdiedeterinined properties 

specimens using the database. Alternatively, die first and seccmd properties of die plurality of specimens may be 
detemiined usmg a plurality of measurement devices. Therefore, the method may also include calibrating die 
plurality of measurement devices using the database as described above. In addition, the method may also include 
monitoring die detemiined properties generated by d)^e plurality of measurement devices as described above. Jn an 

25 embodiment, the method may also include altering a parameter of an instrument coupled to each of the plurality of 
measurement devices in response to at least one of the determined properties of a specimen. Altering a parameter 
of an instrument coupled to each of a plurality of measurement devices may include any of the embodiments 
described herein. 

In a further embodiment, the method may include altering a parameter of an instrument coupled to a 
30 process tool such as a semiconductor fabrication process tool in response to at least one of the determined 

properties of die spedmen using a feedback control technique. For exanq)le, the mediod may inchide altering a 
parameter of an mstrument coiq)led to a lidiography tool in response to a determined property as described above. 
In addition, the mediod may include altering a parameter of an instrummt in response to at least one of the 
determined properties of the specimen using an in situ control technique. For example, the method may include 
3 5 terminating a process step at proximately a time that a singularity is detected by a measurement device. 

Additionally, the method may also include altering a parameter of an instrument coupled to a process tool 
in response to at least one of the determined properties using a feedforward control technique. For example, die 
mediod may include determining at least two properties of a specimen during a develop process m a devel p 
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process chamber. In addition, the me&od may include altering a parameter of an mstrument coupled to a process 
chamber m response to at least one of the determined properties prior to further processing of the specimen in the 
process chamber. In addition, the method may include altering a parameter of an instrument coiq)led to each of a 
pturaHty f process tools in response to at least one of tiie determined properties of the specimen. Altering the 
5 parameter of an instrument coi^Ied to each of a plurality of process tools may include any of flie embodiments 
described herein. 

* In an additional embodhnent, Ifae mefliod may inchide momtaring a parameter of an mstrument coupled to 
a process tooL For example, the method may include monitoring a parameter of an instrument coupled to a resist 
£^ly chamber of a li&ography tool. In this manner, &e mefliod may include monitoring a spin speed of a 

10 motorized chuck of the resist apply chamber, a dispense time of a dispense system of &e resist i^ply chamber, 

and/oraten^ratureandahumidity of the resist apply chamber. In addition, the nouelfaod may include detenmning 
a relationship between a determined property of a specimen and die monitored parameter of an instrument For 
exan:q}le, the method may include deteimining a relationship between a presence of defects on the sur&ce of a resist 
formed on a specimen and the temperature and/or humidity of the resist apply chamber. Furthemiore, tiie method 

1 5 may include altering the monitored parameter of the instrument in response to die relationship. For exan:q>le, the 
method may include using a determined relationship to alter a parameter of an instrument coiq}led to the resist 
apply chamber such that the ten9>erature and humidity of ttie resist ^ply chamber may be altered m response to a 
determined presence of defects on the sur^ce of the specimen. In an additional embodiment, the method may 
include altering a parameter of an instrument coupled to each of a plurality of process tools in response to at least 

20 one determined property of the spechneiL Altering a parameter of an instrument coupled to each of aphirality of 
process tools may include any of the embodunents as described herein. 

In an additional embodiment; processing the detected energy may include using a processor to determine 
the first and second properties of a specimen. The processor may be coupled to the measurement device. The 
method may, therefore, include sending a signal representative of the detected energy to the processor. The 

25 processor may also be configured as described in above embodiments. For example, the processor may inchide a 
local processor coupled to a remote controller con^uter. The local processor may be coupled to a measurement 
device as described in above embodiments. Fig. 20 illustrates an embodiment of a me^od for determining at least 
two properties of a specimen. For exan:^le, as shown in step 202, the method may include processing the detected 
energy to determine a first property and a second property of die spedmen using a processor. As shown in step 

30 206, processing the detected light may also mclude at least partially processing the detected energy using a local 
processor. The method may also include sending die partially processed detected energy fiom the lo^ 
to a remote controller conoputer, as shown m step 208 . In addition, die method may furrier inchide fiirdier 
processing the at least partially processed detected light using die remote controller computer, as shown in step 210. 
In an embodiment, at least partially processing the detected energy may include determining at least two 

35 properties of a specimen. As such, further processing the detected energy may mclude processing the determined 
properties of the specimen. For exan^le, processing the determined properties may include generating a database 
as described in above embodiments. In addition, processing the determined properties may include using at least 
one of the determined properties and a relationship between at least one property of the specimen and a parameter 
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of an instrument coupled to a process tool to determine an altered parameter of the instrument At least partially 
processing the detected light and further processing tiie detected light may also include additional steps as described 
herein. 

An embodiment also relates to a sendconductor device that may be fabricated by a mediod, ^^ch may 
S inchide any ofihe steps as described herein. For exan^le, an embodiment ofa method for febricating a 

semiconductor device is Hhistrated in Fig. 19. As shown in st^ 204, the method may include &bricating a portion 
of die semiconductor device on a specimen such as a wafer. Fabricating a portion of a semiconductor device may 
inchide usmg a semiconductor &brication process to process the specimen. Appropriate semiconductor fibrication 
processes may include, but are not limited to, litfaogr^hy, etch, ion is^ilantation, chemical vapor deposition, 

10 physical vapor dq>osition, chemical-mechanical polishing, and plating. In addition, fabricating a portion of the 
semiconductor device may include using a step of a semiconductor fabrication process to process the specimen. 

In an embodiment, a method for fabricating a semiconductor device may also include disposing a 
specimen upon a stage, as shown in step 196. In addition, a method for ^bricating a semiconductor device may 
further include directing energy toward a surface of the portion of the semiconductor device formed on die 

1 5 specimen, as shown in step 198. The method may also include detecting energy propagating &om a surfitce of the 
portion of die semiconductor device fomied on the specimen, as shown m step 200. As fiirdier shown in step 202, 
the metiiod may further include processmg the detected light to determine at least two properties of the portion of 
the semiconductor device formed on the specimen. Furtiiemoore, a metiiod for £ibricatmg a semiconductor device 
may include any of the steps as described herein. 

20 Fig. 21 illustrates an embodiment of a conq>uter-implemented method for controlling a system to 

detemiine at least two properties of a specimen. In an embodiment, the system may include a measurement device. 
As shown in step 212, the method may include controlling the measurement device, which may include an 
illumination system and a detection system. The measurement device may be coupled to a stage. The 
measurement device may further be configured as described herein. In addition, the method may include 

25 controlling die illumination system to direct energy toward a surface of a specimen, as shown in step 214. The 
method may furdier include controlling the detection system to detect energy propagating firom the surface of the 
specimen, as shown in step 216. Furtiiem:iore, the method may include processing the detected energy to determine 
at least a first property and a second property of the ^ecunen, as shown m step 218. The first property may include 
a critical dimension of the specimen. The oitical dimension may include, but is not linuted to, a lateral dimension, 

30 a height, and/or a sidewall angle of a feature formed on a suri^e of the specimen. Altematively, the critical 

dimension may inchide a lateral dimension, a height and/or a sidewall angle of a feature formed witiiin a specimeiL 
The second property may include an overlay misregistration of the specimen. 

In an embodiment, the metiiod may also include controlling the stage, which may be configured to support 
the specimen. For example, die method may include controlling the stage to move the stage laterally, rotatably, or 

35 laterally and rotatably. The stage may be controlled to move while the illumination system is directing energy 

toward die surface of die specimen and while the detection system is detecting energy propagating fiom the sur&ce 
of the specimen. 

In an additional enlbodimen^ tlie method noay also include processing the detected energy to determine a 
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thixd property f the spedmen. For exairg)le,&etiiird property may include a presence of defects o 
&e specimen. The third property may also include a number, a 1 cation, and/or a type of defects on a surface of the 
specimen. The defects may include micro defects, macro defects, or micro and macro defects. In an embodiment, 
the method may als mchide controlling the illumination system to direct energy toward a back side of the 
S specimen. The method may further include controlling the detection system to detect eneigy propagating from the 
back side of the specimen. As such, the third property of the specimen may also include a presence of defects on 
the back side of the specimen. Such defects may include macro defects, in addition, a ^d property may also 
inchide a flatness measurement of the specimen. £a an additional enxbodimBnt,tiieoiediod may also include 
processhig the detected light to determine a ttiird and a fourtti property of In tiiis manner, die third . 

10 and fourth properties may include, but are not limited to, a presosce, a number, a location, and/or a type of defects 
on a sur£u»oftfae specimen and a fhtness measurement of the spedznen. In addition, the mediod may include 
determining at least two of the properties substantially simultaneously. Ibe method, however, may also include 
determining all four of title properties described above sequentially or substantially simultaneously. 

In an enibodiment, the stage and the measurement device may be coupled to a process tool as described 

15 herein. For example, the stage and measurement device may be coupled to a lithography tool. The mediod may 
also include controlling a wafer handler of the process tool to move the specimen from the process tool to the stage. 
The wafer handler may be configured as described herein. Alternatively, the method may include controlling die 
stage to move die specimen from the system to the process tool. In a fur&er embodiment, the mediod may also 
include controlling the stage to move the specimen from a first process chamber to a second process chamber. The 

20 first and second process chambers may be configured as described herein. In this manner, the mediod may also 
include controlling the illumination system to direct energy toward a sur&ce of the specimen while the stage is 
moving die specimen from die first process chasiber to die second process chamiber. to addition, the method may 
also include controlling the detection system to detect energy propagating firom the surface of die specimen while 
the stage is moving the specimen fix>m die first process chamber to the second process chamber. As such, die 

25 method may include determining at least two properties of the spechnen between any two process steps of a 
process. 

In an additional embodiment, the method may include controlling the illumination system to direct energy 
toward a surface of die specimen during a process step. In addition, the mediod may also include controlling the 
detection system to detect energy propagating from the surface of the specimen during the process step. As such, 

30 the mediod may also include processing the detected energy to determine at least two properties of die specimen at 
predetermined time intervals during the process step, hi this manner, the method may also include controlling the 
system to obtain a signature characterizmg the process step. The signature may include at least one singularity, 
which may be representative of an end of the process step. In addition, the mediod may also include controlling the 
system to alter a parameter of an instrument coupled to die process tool in response to die determined properties 

35 using an in situ control technique. Furthermore, die comput^-ixnplementcd method may also include any of die 
steps as described herein. 

In an embodiment, a controller may be coupled to the system. The controller may be a con^uter system 
configured to operate software to control the system according to the above embodiments. The computer system 
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may include a meinoiy medium on wfaidi c<mq)uter programs may be stored for controlling the system and 
processing the detected energy. The term **memory medium'' is intended to inchide an installation medium, e.g., a 
CD-ROM, or floppy disks, a coniputer system manory such as DRAM, SRAM, EDO RAM, Rambus RAM, etc., or 
a non-volatile memory such as a magnetic media, e.g., a hard drive, or optical storage. Hie memory medium may 
include oth^ types of memory as well, or conibinations flimeof . in addition, the memory medium may be located 
in a first computer in which Ifae programs are executed, or may be located in a second different conqniter 
connects to the first coomgniter over a network. In the latter instance, &e second compter provides the program 
instmctions to the first computer for execution. Also, tibecoiiq)uter system may take various forms, inchding a 
personal computer system, mainfiame computer system, workstation, netwozk appliance, Intemet appliance, 
personal digital assistant ('TDA**). television system or oAer device. In general, the term "conputer system** may 
be broadly defined to encon^ass any device having a processor, which executes instructions fiom a memory 
medium. 

The memory medium may be configured to store a software program for the operation of the systonto 
determine at least two properties of a specimea The software program may be inq)lemented in any of various ways, 
iucluuixig procedure-based techniques, con^nent-based techniques, and/or object-oriented techniques, among odieis. 
For example, the software program may be inqjlemented using ActiveX controls, C++ objects, JavaBeans, Microsoft 
Foundation Glasses CMFC), or other technologies or methodologies, as desned. A CPU, such as the host CPU, 
executing code and data from the memory medium may include a means for creating and executing the software 
program according to the methods described above. 

Various embodiments furtiier include receiving or storing instmctions and/or data inq>lemented in 
accordance with the foregoing description iq)on a carrier medium. Suitable carrier media include memory tu p-^^^*! or 
storage media such as magnetic or optical media, e.g., disk or CD-ROM, as well as signals such as electrical, 
electromagnetic, or digital signals, conveyed via a communication medium such as networks and/or a wireless iwiir 

An embodiment relates to a system which may be configured to determine at least two properties of a 
specimen, which may include a presence of defects on the specimen and a thin film characteristic of the specimen. 
For example, a presence of defects may be determined on a front side or a back side of a specunen as described 
herein. ITie defects may also include subsurface defects and/or a presence of macro defects on a backside of a 
specimen, which may include copper contamination and/or resist contamination. In addition, the tl^iTi film 
characteristic may include a thickness of a fihu such as copper. The system may be configured as described herein. 
In addition, &e processor of such a system may be configured to determine additional properties of tiie ^cimen 
from energy detected by a measurement device. In an embodiment, tiie measurement device may be configured as 
a non- im a ging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic 
rcfiectometer, an ellipsometer, a spectroscopic ellipsometer, a brig^ field imaging device, a dark field imagmg 
device, a bright field and dark field nnaging device, a bright field non-imaging device, a dark field non-imaging 
device, a bright field and dark field non-imaging device, a double daric field device, a coherence probe microscope, 
an interference microscope, an optical profilometer, a dual beam spectrophotometer, a beam profile clinometer, or 
any combination thereof. In this manner, the measurement device may be configured to function as a single 
measurement device or as mult^>le measurement devices. Because multiple measurement devices may be 
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integrated into a single measurranent device f ^ system, optical elements of a first measurement device, for 
exanq)le, may also be optical elements f a second measurement device. Such a system may be coupled to a 
chemical-mechanical polishing tool, a deposition tool, an etch tool, a cleaning tool such as a wet or dry stripping 
tool, or a therinal tool such as a furnace configured to ped' im rapid dermal processing 0"^^ fa specnnenas 
described heiem. Examples of cleaning tools are illustrated in PCI Application No. WO 00/1 7907 and 
''Chemically Assisted Laser Removal of Photoresist and Partides torn Semiconductor Wafers," by Genut et al. of 
Oramir Semiconductor Equqnnent Ltd, Israel, presented at the 28*^ Annual Meeting of the Fine Particle Socie^, 
April 1-3, 1998, which are incoiporated by reference as if fully set fordi herein. 

Spectroscopic ellipsometry may include focusing an incidence beam of polarized light on a spGcnnen and 
monitoring a change in polarization of at least a portion of the beam propagating from fiie specimen across a broad 
spectrum of wavelengths. ExaoqylesofspectioscopicelHpsometers are illustrated in U.S. Patent Nos. 5,042^51 to 
Gold et al., 5,412,473 to Rosencwaig et aL, 5,581,350 to Chen et aL, 5,596,406 to Rosencwaig ct al., 5,596,41 1 to 
Fanton et aL. 5,771,094 to Carter et aL, 5,798,837 to Aspaes et al., 5,877,859 to Aspnes et aL, 5,889,593 to Barefcet 
et al., 5,900,939 to Aspnes et aL, 5,917,594 to Norton, 5,973,787 to Aspnes et al., 6,184,984 to Lee et aL, and are 
incorporaied by reference as if fuiiy set forth herein. Additionai examples of spectroscopic ellipsometers are 
illustrated in PCT Application No. WO 99/02970 to Rosencwaig et aL and is incorporated by reference as if fully 
setfor^hereiiL 

A measurement device configured as a spectroscopic ellipsometer may include a polarizer, which may be 
coupled to &e detection system. A beam propagating fiom tiie specimen pass ihrongh the polarizer. Prior to 
passing through tiie polarizer, the retumed beam may have ell^tical polarization. After passing tfirough the 
polarizer, the beam may be linearly polarized. The reflected light then pass through an analyzer coiq)led to the 
detection system and into a dispersion element, or a spectrometer. The dispersion element may be configured to 
separate beam components having different wavelengdis. The sq)arated components of the beam may be detected 
by individual elements of a detector array. Ihe polarizer is usually rotating such tiiat a time varying mtensity may 
be detected by the elements of die detector array. 

A processor of the system may receive a signal responsive to the detected light fi-om each element of the 
detector array and may process the signal as described herein. For exair5)le, an intensity of light at each element of 
the detector array may be converted to ellipsometric parameters, y and A, by mathematical equations known in the 
art The ellipsometric parameters may be typically shown as tan y and cos A. Tan \|f is the amplitude of the 
complex ratio of the s and p components of fbc reflectivhy of the sample, and A is the phase of the complex ratio of 
the s and p con^onents of &e reflectivity of the sample. The term ''s coniq)onenf ' is used to describe the 
component for the polarized radiation having an electrical field peipendicular to the plane of incidence of die 
reflected beam. The term **p compomsnf is used to describe the oonq)onent for the polarized radiation having an 
electrical field in the plane of mcid»ice of the reflected beam. For very thin fihns, tan \)f may be independent of 
ttiickness, and A may be linearly proportional to the tiiickness. 

Software integrated into the processor of the system may be configured to convert the ellipsometric 
parameters, y and A, to an optical property of a specimen using a mathematical, or optical, model. Typically, a 
personal computer having a software package operable to rapidly performing data-fitting calculations such as a 



75 



4 



WO 02/25708 PCT/USOl/42251 
least-squares fctting technique may be appropriate for this use. Because ellipsometric parameters includmg \{r and A 
may be detennined at small increments across a broad spectrum of wavelengths and at several angles^ several 
hundred data points may be included in the calculations. Several software packages c nfigured for use widi 
spectroscopic ellipsometers that are capable of handling such a large amount f data are commercially available. 
5 Th& processor that nouiy be used to receive a signal responsive to the detected light firom each element of fte 
detector array may be also used to perform the iterative data-fitting calculations. Exanq)les of such software 
packages may be incoiporated into qpeiating systems of spectroscopic ellipsometers, which have been included by 
reference above, and are typically commercially available. 

lliere are several optical modeb&at may be used to analyze ellipsomet^ Exan^les, of such 

10 models include, bat are not limited to, a cauchy model, a harmonic oscillator model, and a polynomial series 
expansion model. An appi opr i ate model, however, may be chosen based on specimen chaxacteristics, desired 
optical pr o perties of the specimen, and the con^utational difficulty associated with ^e xnodeL For example, the 
cauchy model is a relatively straightforward mathematical model The cauchy model, however, may not be valid 
for wavelengths at which a specimen exhibits absoiption. Additionally, optical properties of several layers of a 

1 5 specimen may she be detennined siHniltaneoualy by using an appropriate optical model or a combination of optical 
models. Therefore, when using spectroscopic eUq)$omfitry to analyze a specimen, one or more optical models may 
be more appropriate for analysis than o&ers. 

Thicknesses, indexes of refraction, and extmction coefBdents for a layer of a specimen, a portion of a 
layer of a specimen, or several layers of a specimen may be detennined from ellipsometcic parameters using an 

20 opticalmodeL The mdexofrefiraction,'*n,'' is rehted to tiie speed of ligjht as it nK>ves through 

dependent yxpon die wavelength of the light. Hie extinction coefficient, is also dependent iqion waveleng^ 
and relates to absorption of ligiht by a medium. The extinction coefficient may also be used to determine the 
absorption coefficient for a given wavelength. Further discussion of the ellipsometric parameters and the optical 
properties of materials is illustrated in U.S. Patent No. 4,905,170 to Forouhi, et aL and is incoiporated by reference 

25 as if fiilly set forth herein. 

Fig. 22 illustrates an embodiment of a system configured to determine at least two properties of a 
specimen coupled to chemical-mechanical polishing tool 222. Chemical-mechanical polishing (XMP") may 
typically be used in the semiconductor industiy to partially remove or planaiize a layer on a specimen. Chemical- 
mechanical polishing may include holding and/or rotatmg a specimen against a rotating polishing platen under 

30 controlled pressure. Chemical-mechanicai polishing tool 222 may include polishing head 224 configured to hold 
specimen 226 against polishing platen 228. Polishing head 224 may include a number of springs 230 or another 
suitable mechanical device, which may be configured to apply an adjustable pressure to a bade side of specimen 
226. Polishing head 224 may also be configured to rotate arotmd a central axis of the polishing head. In addition, 
polishing head 224 may also be configured to move linearly with respect to the polishing platen. 

3 5 Polishing platen 228 may also include a polishing pad 232. The polishing pad may have a back layer, 

which may be configured such that polishii^ pad 232 may be securely coupled to polishing platen 228. Polishing 
pad 232 may also have an upper layer which may be configured to contact and polish specimen 226. The upper 
layer of polishing pad 232 may include, for example, an open cell foamed polyurethane material or a polyurethane 
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layer having a grooved sur&ce. The upper layer may also include additional abrasive materials or particles 
configured to partially remove or polish specimen 226. P lishing platen 228 may also be configured to rotate 
around a central axis of the polishing platen. For exan^le, polishing platen 228 may be configured to rotate in a 
first direction, and polishing head 224 may be configured to rotate in a second direction. The first diiection may be 
5 substantially opposite to the second direction. 

Chemical-mechanicd polishing tool 222 niay also inchde dispense system 234. The dispense system may 
' be configured to automaticaUy dispense a polishing dieniical such as a chemical^ 
232. A chemical polishing sluny may include abrasive particles and at least one chemicaL For exanqilc, abrasive 
particles may inchide fiised-silica particles, and a chemical may inchide potassium hydroxide. Alternatively, 

10 polishing pad 232 may be sufficiently abrasive such that the chemical polishing solution may be substantially free 
of particles. Suitable combinations of a polishing chemical and a polishing pad may vary depending on, for 
example, a con:q>osition and a topography of an upper layer on specimen 226 which is being partially removed or 
planarized and/or a composition and a topography of an underlying layer. 

A system configured to determine at least two properties of a specimen may include measurement device 

15 220 coupled tc chcniicai-mechaikical polishlug tool 222. The measurement device may be configured according to 
any of the embodiments described herein. For example, measurement device 220 may be a non-imaging dark field 
device, a non-imaging bright field device, a non-imaging daik field and bright field device, a double daric field 
device, a dark field imaging device, a bright field imaging device, a dark field and bright field hnaging device, a 
spectroscopic ellipsometer a spectroscopic reflectometer, a dual beam spectrophotometo, and a beam profile 

20 ellipsometer. In addition, die nieasurement device inay inchide any combimtion of the above dev^ As such, &c 
measurement device may be configured to function as a single measurement device or as multiple measurement 
devices. Because multq)le measurement devices may be integrated into a single measurement device of the system, 
optical elements of a first measurement device, for exaiz9>le, may also be optical elements of a second measurement 
device. 

25 The measurement device may be coupled to the chemical-mechanical polishing tool such that die 

measurement device may be external to polishing platen 228. In this manner, the measurement device may be 
coupled to chemical-mechanical polishing tool 222 such that die measurement device may not interfere widi the 
operation, perfozxnance, or control of the chemical-mechanical polishing process. For ^can^le, polishing platen 
228 and polishing pad 232 may be retrofitted such diat a small section of a substantially optical^ transparent 

30 material 236 may be disposed widim &e polishnog platen and die polishing pad. The configuration of the chemical- 
mechanical polishing tool, however, may determine die placement and dimensions of the transparent material 
section 236. 

The small section of transparent material 236 may transmit an incident beam of light fiom a light source of 
measurement device 220 outside the polishing platen to a surface of specimen 226 held in place by polishing head 
35 224 and light propagating fitm a surface of specimen 226 to a detector of measurement device 220 external to die 
polishing platen. The optically transparent material 236 may have optical or material properties such diat light 
fiom a light source of measurement device 220 and light propagating from a surface of specimen 226 may pass 

77 



4 



WO 02/25708 PCT/US0iy42251 
through the transparent sections of the polishing platen and the polishing pad without undesirably altering die 
properties f die incident and returned light beams. 

Polishing chemicals such as chemical-polishing slurries, however, may include abrasive particles, 
chemicals, and material removed &om tiie specimen, which may interfere widi light from the light source and light 
S propagating &om a surface of tiiie specimen. In an embodiment, ^ref ore, the section of transparent material 236 
may be configured to function as a self-clearing objective. The self-cleaiing objective may include an optical 
component configured to transmit light from a light source toward a surface of spedmen 226. A self-clearing 
objective may also be configured to flow a substantially transparent fhiid between die self-clearing otgective and 
tiiespecimen. The flowing fbndxnay be configuied to remove abrasive particles, diemical^ 

1 0 fiom the specimen such that light may be transmitted fiom the measurement device to the specimen and from the 
spechnen to a detector of die measurement device without undesirable alterations in the optical properties of the 
light Exan^)les of self-clearing objectives are illustrated in U.S. Patent Application Serial Nos. 09/396,143, 
"Apparatus and Methods for Performing Self-Clearing Optical Measurements," to Nikoonahad et aL, and 
09/556,23S, "Apparatus and Methods for Detecting Killer Particles During Chemical Mechanical Polishing," to 

15 Nikoonahad et aL, and are incorporated by reference as if fully set forth herein. In tiiis manner, the measurement 
device may be coupled to a stage (i.6., polishing platen 228) disposed within the process chamber and configured to 
support the specimen. 

£xanq>les of chemical-mechanical polishing systems and methods are illustrated in U.S. Patent Nos. 
5,730,642 to Sandhu et aL, 5,872,633 to Holzapfel et aL, 5,964,643 to Bnang et aL, 6,012,966 to Ban et aL, 

20 6,045,433 to Dvir et aL, 6,159,073 to Wiswesser et al., and 6,179,709 to Redeker et al., and are mcorporated by 
reference as if fiiUy set forth herein. Additional exanoples of chenucal-mechanical polishing systems and metiiods 
are illustrated in PCT Application Nos. WO 99/23449 to Wiswesser, WO 00/00873 to Canqibell et aL, WO 
00/00874 to Campbell et al., WO 00/18543 to Fishkin et al., WO 00/26609 to Wiswesser et aL, and WO 00/26613 
to Wiswesser et al., and European Patent Application Nos. EP 1 022 093 A2 to Birang et al. and EP 1 066 925 A2 

25 to Zuniga et al., and are incorporated by reference as if fully set forth herein. An additional example of an 

integrated manufacturing tool including electroplating, chemical-mechanical polishing, clean and dry stations is 
illustrated PCT Application No. WO 99/25004 to Sasson et al., and is incorporated by reference as if My set forth 
herein. 

An embodiment relates to a system that may be configured to determine at least two properties of a 
30 specimen inchidmg a presence of defects on a specimen and a critical dimension of die specimen. The system may 
be configured as described herein. For exan^le, the system may include a processor coupled to a measurement 
device and configured to detemmne at least a presence of defects and a critical dimension of the specimen fiom one 
or more output signals of the measurement device. In addition, the processor may be configured to determine other 
properties of the specimen fiom the one or mote output signals. In an embodiment, the measurement device may 
35 include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a reflectometer, a 

spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging device, a dark 
field imagins device, a bright field and dark field imaging device, a bright field non-imaging device, a dark field 
non-imaging device, a bright field and dark field non-imaging device, a coherence probe microscope, an 
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interference microscope, an optical profibmeter, or any combination thereof. Such a system may be coupled to a 
process tool such as a li&ography tool, an etch tool, a deposition tool, or a plating tool as described herein. 

In an embodiment, a system configured to determine at least a presence of defects on a specimen and a 
critical dimension f die specimen may be coupled to an etch tool as described herein. The presence of defects may 
S include a presence of defects on a back side of the specimeru In addition^ die system may be furdier configured to 
determine a number, a location, and/or a type of defects on the specimen. Hie system may be coupled to die etch 
tool such that at least a presence of defects on the specimen and a critical dimension of the specimen tnay be 
detenmned prior to and subsequent to an etch process or a step of an etch process. As described herein, at least one 
of the determined properties may be used to alter a parameter of one or more instrumenls coupled to a process tool 

1 0 For exainple, a determined critical dimension of die specunen may be used to alter a parameter of one or more 

iristruments coupled to a lidiogr^hy tool using a feedforward control tedmiqueo^ In 
addition, a determined presence of defects on the specimen may be used to alter a parameter of one or more 
instruments coi:9)led to the lithography tool using a feedforward control technique of a feedback control technique. 
In an embodiment, a system may be configured to determine at least two properties of a specimen 

1 5 including a critical dimension of die specimen and a tliin film characteristic of the specimen. The system may be 
configured as described herein. For example, the system may include a processor coupled to a measurement 
device. The processor may be configured to determine at least a critical dimension and a thin fihn characteristic of 
the specimen fiom one or more output signals generated by the measurement device. In addition, die processor 
may be configured to determine other properties of the specunen from the one or more aatpat signals. In an 

20 embodiment, the measurement device may include a non*]maging scattnometer, a scatterometer, a sp^troscopic 
scatterometer, a refiectometer, a spectroscopic reflectometer, an elIq}someter, a spectroscopic ellqisometer, a photo- 
acoustic device, a grazmg X-ray reflectometer, a bright field Imagmg device, a dark field imaging device, a bright 
field and dark field imaging device, a coherence probe microscope, an interference microscope, an optical 
profilometer, a dual beam spectrophotometer, a beam profile ellipsometer, or any combination thereof. Such a 

25 system may be coupled to a process tool such as a lidiogr^hy tool, an etch tool, a deposition tool, or a pladng tool 
as described herein. 

In addition, a system configured to determine at least a critical dimension and a thin film characteristic of a 
specimen may be coupled to a chemical-polishing tool For exanq>le, the processor may be configured to determine 
a critical dimension of a feature on the specimen fiom one or more output signals finom a non-miaging 

30 scatterometer, a scatterometer, or a spectroscopic scatterometer. In addition, the processor may be configured to 
determine a thickness of a layer on the specimen fiom one or more output signals fiom a reflectometer, a 
spectroscopic reflectometer, an ell^someter, a spectroscopic ellipsometer, a photo-acoustic device, and/or a grazing 
X-ray reflectometer. For example, an ellipsometer or a spectroscopic ellipsometer may be configured to generate 
one or more output signals responsive to a thickness of metal and semi-metallic layers having relatively diin 

35 thicknesses and relatively thick transparent layers. A photo-acoustic device may be configured to generate one or 
more output signals responsive to a thickness of relatively thin metal layers, and a grazing X-ray reflectometer may 
be configured to generate one or more output signals responsive to relatively thick and relatively thin layers. In tiiis 
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inaimer, a syst^ as described hereixi, may be coxi^^ 
of thicknesses and materials. 

The system may be coupled to a chemical-mechanical polishing to 1 according to any of die embodiments 
described herein. For example, die measurement device may be coiq)led to a polishing pad of a chemical- 
5 mechanical polishing tool such that die system may determine at least two properties of a specimen disposed upon 
the polidiing pad. Alternatively, die measurement device may be coupled to a chemicals-mechanical polishing tool 
such diat the system may determine at least two properties of a specimen being disposed upon or removed from the 
polishingpad. For exanyle, the measurement device may be coiyled to a diemical-mechanical polishing tool such 
that a robot wafer handier may move below or above die measurement device. In an altemative embodiment, liie. 

10 measurement device may be coupled to a robotic wafer handler of a chemical-mechanical polishing tool. In diis 
manner, die system may be configured to detraxnine at least two properties of the specimen as the robotic wafer 
handler is moving the specimen. 

In a furdier embodiment, the measurement chamber may coupled to and disposed laterally or vertically 
proximate an exit chamber of a chemical-mechanical polishing tool An exit chamber of a chemical-mechanical 

1 5 polishing tool may include a water bath configured to receive a specimen subsequent to a chemical-mechanical 
polishing process. The water bath may be used to remove chemicals, slurry particles, and/or specimen paiticles 
remaining on the specimen subsequent to a chemical-mechanical polishing process. In this manner, the system may 
be configured to detemime at least two properties of tiie specimen as die specimen is disposed widiin or moving 
througji the exit chamber. 

20 In an additional embodiment; the measurement device may be disposed in a measurement chaniber, as 

described wxdi respect to and shown in Fig. 16. The measuiement chamber may be coupled to a chemical- 
mechanical polishing tool, as shown in Fig. 17. For example, the measurement chamber may be disposed laterally 
or vertically proximate one or more polishing chambers of a chemical-mechanical polishing tool. In addition, the 
measurement chamber may disposed laterally or vertically proximate a load chamber of a chemical-mechanical 

23 polishing tool. A load chamber of a chemical-mechanical polishing tool may be configured to support multiple 

specimen such as a cassette of wafers that are to be processed in die chemical-mechanical polishing tool A robotic 
wafer handler may be configured to remove a specimen from the load chamber prior to processing and to dispose a 
processed specimen into the load chamber. Furthermore, the measurement chamber may be disposed in odier 
locations proximate a chemical-mechanical polishing tool such as any^diere proximate the chemical-mechanical 

30 polishing tool where there is sufficient space for the system and anywhere a robotic wafer handler may fit such that 
a specimen may be moved between a polishing pad and the system. 

In an additional enibodiment, a system may be configured to determine at least three properties of a 
specimen including a critical dimension of the specimen, a presence of defects on the specimen, and a thin fihn 
characteristic of the specimen. The defects may also include subsurface defects and/or a presence of macro defects 

35 on a backside of a specimen, which may include, but are not limited to, copper contamination and/or resist 

contamination. In addition, the thin film characteristic may include a diickness of a film such as copper. The 
system may be configured as described herein. For example, the system may also include a processor coupled to a 
measur^ent device and configqred to determine at least a critical dimension, a presence of defects, and a thin film 
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characteristic of the specimea &om one or more utput signals generated by &e measurement device. In addition, 
the processor may be configured to determine other properties f the specimen from the ne or more output signals. 
In an embodiment, the measurement device may include a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, an ellips meter, a spectroscopic 
5 ellipsometer, a bright field imaging device, a dadc field imaging device, a bright field and dadc field imaging 
device, a bright field non-imaging device, a dark field nonrimaging device, a bright field and daxk field nonr 
imaging device, a coherence probe microscope, an interference microscope, an optical profilometer, a dual beam 
spectrophotometer, a beam profile dhpsometer, or any combination thereof. Suchasystemmaybecoiq[>ledtoa 
process tool such as a lithography tool, an etdi tool, a deposition tool, or a plating tool as described herein. 

10 M an embodiment a system may be configured to detemune at least two properties of a specimen 

inchiding a presence ofmacro defects on the specunen and a presence ofinicro defects on t^^ The 
system may be configured as described herein. For example, the system may include a processor coupled to a 
measurement device. The processor may be configured to determine at least a presence of macro defects and a 
presence of micro defects on the specimen fiom one or more ou^ut signals generated by ^e measurement device. 

IS In addition, the processor may be configured to determine o&er properties of the specimen from ih& one or more 
output signals. For exan^le, die processor may be configured to determine a presence of subsurface defects such 
as voids firom one or more output signals generated by a measurement device such an e-beam device, an X-my 
reflectometer, or an X-ray fluorescence device. Such voids may be problematic, in particular for copper stmctures, 
if the voids fill witb chemicals such as platmg solutions, ^ch may corrode the metal. In addition, tiie processor 

20 may be configured to detemune a thickness of a metal layer such as copper on ikt specimen from one or more 
output signals generated by a measurement device such as an X-ray refiectometer and/or an X-xay fluorescence 
device. 

Furfhermote, the processor may be configured to determine a presence of macro defects on a backside of a 
specimen from one or more output ^gnsHs generated by a measurement device such as an optical fluorescence 

25 device. The macro defects inay ixiclude copper contaroination and/or resist contaminatioii. An optical fluorescence 
device may be configured to direct a beam of light to a surface of a specimen to induce fluorescence of ^e 
specimen. Thedirectedbeamoflightmayhavea wavelength of approximately 364 nm. Hie wavelength of the 
directed beam of ligiht may vary^ however, depending vpan^ for exan^le, a material fliat may be a defect The 
optical fluorescence device may be furdier configured to detect fluorescence of the specimen and to generate one or 

30 more output signals in response to the detected fluorescence. A processor nuy be configured to detemnne a 

presence of macro defects, for exan^le, by conq)aring detected fluorescence at multiple points on die specimen. 

In an embodiment; the measurement device may include a non-imaging scatterometer, a scatterometer, a 
spectroscopic scatterometer, a reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic 
ellipsometer, a bright field imagmg device, a dark field nnaging device, a bright field and dark field imaging 

35 device, a bright field non-imaging device, a dark field non-imaging device, a bright field and dark field non- 
imaging device, a double dark field device, a coherence probe microscope, an interference microscope, an optical 
profilometer, an e-beam device such as a scanning electron microscope or a tunneling electron microscope, an X- 
ray reflectometer, an X-ray fluorescence device, an optical fluorescence device, an eddy current imaging device. 
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and a relatively large-spot e-beam device, or any combination thereof. F r exanq)le, an appropriate combination 
may include an eddy current imaging device and a relatively laige-spot e-beam device. An eddy current imaging 
device may generate one or more ou^ut signals that may be used to as a qualitative excursion monitor for a 
presence of macro defects on a sur&ce of ^e specimen. The eddy cuzrent imaging device may be configured as 
5 described herein. A large-spot e-beam device such as a scanning electron microscope may have relatively low 
resohition and a relative^ low data rate. One or more ou^ut signals generated by such an e-beam device may 
include a vollage contrast lhat may vary depending qK>n apresence of defects such as macro defects onihe surface 
of the ^cimen. An exan^te of an e-beam device is iUustrated in U.S. Patent Application entitled "Sectored 
Magnetic Lens," by John A. Notte IV, filed on June 15, 2001, which is incorporated by reference as if fiiSy set 
10 forth herein. 

Such a system may be coiqpled to any ofthe process tools as described herein. For exanq>le, the system 
may be coiq>led to a lithography tool or an etch tool as described herein. 

In an embodiment, a system may be configured to detexmnc at least two properties of a specimen 
including a presence of macro defects on at least one surface of the specimen and overlay misregistration of ihs 

1 S specimen. The determined properties may also include a number, a location, and a type of macro defi^ts present on 
at least one surface of the ^ecimen. At least one surface of the specimen may include a back side and/or a firont 
side of the specimeiL The system may be configured as described herein. For exanq)le, the system may include a 
processor coupled to a measurement device. The processor may be configured to determine at least a presence of 
macro defects and overlay misregistration of the specimen fiom one or more output signals generated by the 

20 measurement device. In addition, &e processor may be configured to determine otiier properties such as a critical 
dimension of a feature on the specimen firom the one or more output signals. In an embodiment tiie measuremjent 
device may include a scatterometer, a non-imaging scatterometer, a spectroscopic scatterometer, a refiectometer, a 
spectroscopic refiectometer, an ellipsometer, a spectroscopic ell^someter, a beam profile ellipsometer, a bright 
field imaging device, a daiic field imaging device, a bright field and dark field imaging device, a bright field non- 

25 imaging device, a dark field non-imaging device, a bright field and dark field non-imaging device, a coherence 
probe microscope, an interference microscope, an optical profilometer, or any conibination thereof. 

Such a system may be coupled to any of &e process tools as described hereiiL For exan^le, the system 
may be coupled to a process tool sudi as a Holography tool, an etch tool, and a deposition tool The system may be 
coupled to the process tool according to any of the embodiments as described herein. For exanq>le, the 

3 0 measurement device may be coupled to a process chamber of the process tool such that the system may determine 
at least two properties of a specimen disposed wi&in tiie process chamber. Alternatively, the measurement device 
may be coiqiled to a process chanober of tiie process tool such that the system may determine at least two properties 
of a specimen being disposed within or removed fi'om the process chamber. For evample, tiie measurement device 
may be coupled to the process chamber such that a robot wafer handler may move below or above die measurement 

35 device. In an alternative embodiment, the measurement device may be coi^led to a robotic wafer handler of the 
process tool. In this manner, the system may be configured to determine at least two properties of die specimen as 
file robotic wafer handler is moving the specimeiL 
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In an additional embodiment, Hie measorement device may be disposed in a measmement chamber, as 
described wilb respect to and shown in Fig. 16. The measurement chamber zxiay be coupled to the process tool, as 
sh wninFig. 17. For example, the measurement cbunber may be disposed kteraUy or vertically pr^ r 
moreprocess chambers of Reprocess to I For example, the deposition to 1 may include a duster fprocess 
5 chambers that may each be configured to perform substastiaUy similar processes In 

addition, the measurement chamber may disposed laterally or vertically proximate a bad chamber of the process 
tool. A load chamber of a deposition tool may be configured to support multiple specimen such as a cassette of 
wafers tiiat are to be processed in the process tool A robotic wafer handle may be configured to remove a 
specimen from the load chainber prior to processing and to dispose a processed specimen into fhs load dumber. 

1 0 Furthermore, the measurement diamber may be disposed in other locations proximate a process tool sudi as 

anywhere proximate &e process tool where there is suffident space for the system and anywhere a robotic wafer 
handler may fit such that a specimen may be moved between a process chamber and the system. 

In addition, a parameter of one or more instruments coupled to a process tool may be altered in response to 
the properties determined by the system using a feedback control technique, an in situ control technique, and/or a 

i 5 feedforward control technique. For example, a presence of macro defects on the surfece such as a presence of 

macro defects on a back side of a specimen determined by the system prior to, during, and/or subsequent to an etch 
process, a deposition process, and/or a diemical-mechanical process may be used to alter a parameter of one or 
more instruments coiq)led to a lithography tool using a feedforward control technique. In &is example, Hts 
determined presence of macro defects on &e back side of the specimen may be used to alter a dose and focus 

20 condition of an exposure tool durmg exposure of the ^ecimen during a lithography process. In an additional 

exanq)le, ov^Iay misregistration of a specunen determined by the system prior to, during, and/or subsequent to an 
etch process and/or a deposition process may be used to aher a parameter of one or more instruments coiq>led to a 
lidiography tool using a feedforward control technique. In this exan^le, the determined oveday misregistration 
may be used to alter a lateral alignment of a reticle in an e3q)osure tool during e^^osure of die specimen during a 

25 lithography process. 

A deposition tool may be configured for chemical vapor deposition, as described below, or for physical 
vapor deposition. Physical vapor deposition may commonly be used in the semiconductor industry to form a layer 
of a conductive material upon a specimen such as a wafer. A physical vapor deposition tool may include a vacuum 
process chamber in which argon ions may be generated. In addition, a support device may be disposed within the 

30 process chamber. The support device mtay be configured to support a specimen during a physical vapor deposition 
process. In addition, a circular-shs^ed metal target may be disposed above the si^iport device. The physical vapor 
deposition tool may also mchide an annular metal coil interposed between die si^ort device and the metal target 
The annular metal coil may be made of the same material as die metal target A physical vi^or dq)osition tool may 
also include voltage controller configured to supply a voltage to the metal target, the metal coil, and die si^ort 

35 device. The voltage controller may be fiirther configured to generate voltage biases between the metal target and 
the support device and between the support device and the metal coil. The voltage biases may cause argon ions to 
bombard the metal target and the metal coil to release metal atoms, which may then sputter onto a sur&ce of a 
specimen on the support device. Exan^Ies of physical vapor deposition systems and mediods are illustrated in U.S. 
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Patent Nos. 5,754^97 to Nulman, 5,935^97 to Masterson, 6,039,848 to M slehi et aL, 6,080,287 to Drewery et aL, 
and 6,099,705 to Chen et aL, and are incoiporated by reference as if fully set f rth herein. 

A system, as described herein, may be coiq}led to a physical vapor deposition tool For exan^le, ike 
system may be disposed within a xneasmement chamber. The measurement chamber may be configured as 
5 described herein. The measurement chainbei may be located proximate a process dmii^^ 

deposition tool Alternatively, flie system may be cotqjled to a process chamber of die physical v^or dq>osition 
tool In this manner, the system inay be mtegratedmto a physical vqior deposition tooL As sudi, the system may 
be configured to detramine at least two properties of a spedmen prior to, daring, or subseqaent to a physical vapor 
deposition process. Snch arrangements ofa system and a process chaniber are described widi reference to and 

10 illustrated in, for example, Figs. 17 and 18. Pn)cessdiambeis 180and 188, asilhistratedinFigs. 17andl8,may 
be configured difTerentiy tiian shown such that the process chamber may be configured for a physical vapor 
deposition process. For exano^Ie, process chamber 180 may not include dispense system 186 and, instead, may 
include various devices and con:q}onents as described above. Furthermore, a system may be coupled to a wafer 
handler of a physical vapor deposition tooL Therefore, the system may be configured to determine at least two 

1 5 propsrties of a spcciiucn while the specimen is beiag muvcu inio a process chamber or out of a process chamber of 
a physical vapor deposition tooL 

Platmg may commonly be used m tiie semiccmdnctor mdustcy to form a layer of metal upon a specimen 
suchasawafer. A plating tool may include a process chamber such as a platmg batiL A phuality of support 
devices may be disposed witiiin die plating bath. Bach of the siqyport devices may be configured to siqpport a 

20 specimen during a platmg process. Hie plating tool may also include a catiiode electrode arranged above and in 
contact with an upper sur&ce of a specimen. In addition, the plating tool may include an anode electrode located 
beneath the specimen. A plating solution may flow into the plating balh fiom an inlet port and may be ejected 
iq)wardly onto a surface of a specimen. Furthermore, tiie plating tool may include a heater configured to heat the 
plating solution during a plating process. Controlling the temperature of the plating solution may be critical to 

25 forming a metal layer witiiout defects such as structural changes, liardening, and/or plating bum of tiie layer. In 

addition, characteristics of a metal layer formed on a specimen may vary depending on additional characteristics of 
the platmg solution. For example, the characteristics of a layer of plated metal may depend on a metal ion 
concentration in the plating solution, the pH level of the plating solution, and the specific gravity of the plating 
solution. An exan:q>le of a system and a method for plating specimens is illustrated in U.S. Patent No. 5,344,491 to 

30 Katou, and is incorporated by reference as if fiilly set fordi herein. 

As described herein, a system may be coupled to a plating tool For example, the system may be disposed 
within a measurement chamber. The measureinent chamber may be configured as described herein. The 
measuronent chamber may be located proximate a process chainber of the plating tooL Alternatively, the system 
may be coupled to a process chamber of the platizig tool Therefore, the system may be configured to detennine at 

35 least two properties of a specimen prior to, during, or subsequent to a plating process. Such arrangements of a 
system and a process chamber are described witii reference to and illustrated in, for exanqjle. Figs. 1 7 and 1 8. 
Process chambers 1 80 and 188, as illustrated in Figs. 17 and 18, may be configured differentiy than shown such 
that the process chairiber may be configured for a physical vapor deposition process. For example, process 
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chaoober 180 may not include dispense system 186 and, instead, may include various devices and conq>onents as 
described above, in addition, a system may be coupled to a wafer handler of a plating tool as described herein. As 
such, a system may be configured to detennine at least two properties of a specimen while a specimen is being 
disposed within or removed & m a process chamber of a plating tool. 
5 An embodiment relates to a system which may be configured to determine at least a flatness measurement 

of the specimen, a presence of defects on tihe specimen, and a thin film dhaiacteristic of a specimen. ITie defects 
may include subsurface defects and/or a presence of macro defects on a backside of a specimen, which may 
include, but are not limited to, copper contamination and/or resist contan^ In addition, the thin film 
characteristic may include a thickness of a fihn such as copper. The system may be configured as described hereiii. 

10 For example, the system may include a processor coupled to a measurement device. The processor may be 

configured to determine at least a flatness measurement of the specimen, a presence of defects on Hit specimen, and 
a thin film characteristic of a specimen firom one or nioreoirtput signals generated by ^ In 
. addition, the processor may be configured to determine otiiier properties of tlie specimen firom the one or more 
output signals. In an embodiment, the measurement device may include a non-imaging scatterometer, a 

1 5 scatterometer, a spectroscopic scatterometer, a reflectometer, a spectroscopic refiectometer, an eIlq)someter, a 

spectroscopic ellipsometer, a bright field imaging device, a dark field imaging device, a bright field and dark field 
imaging device, a bright field non-imaging device, a dark field non-imaging device, a bright field and dark field 
non-imaging device, a double daik field device, a coherence probe microscope, an intei£»ence microscope, an 
interferometer, an optical profilometer, a dual beam spectrophotometer, a beam profile ell^someter, or any 

20 combination thereof. In tiiisinaimer, the measurement device may be configured to fimctLon as a su^le 
measurement device or as multiple measurement devices. 

Such a system may be coupled to a chemical-mechanical polishing tool as described above. In ilbds 
maniiCT, the system may be configured to detennine at least die three properties of a specimen prior to, during, or 
subsequent to a chemical-mechanical polishing process. Alternatively, such a system may be disposed wifliin a 

25 measurement chamber, which may be configured as described herein. The measurement chamber may be located 
proximate the chemical-mechanical polishing tool. Therefore, such a system may be configured to determine at 
least die three properties of the specimen prior to or subsequent to a chemical-mechanical polishing process. 
Therefore, the flatness measurement of a specimen may include a measure of stress-induced curvature of a 
specimen due to a chemical-mechanical polishing process. In addition, die processor may be configured to alter a 

30 parameter of an instrument coupled to a chemical-mechanical polishing tool in response to the flatness 

measurement usmg a feedforward control technique. For exanq>le, the processor may be configured to alter a 
pressure of the polishing head coupled to the chemical-mechanical polishmg tool in response to die flatness 
measurement using a feedforward control technique. In addition, die polishing head may be configured such diat 
pressure across the polishing head may vary fiom zone to zone. Therefore, altering a pressure of the polishing head 

35 may include altering a pressuro of one or more zones of die polishing head. In this manner, a system as described 
herein may be used to increase a planarity of an upper surface of the specimen subsequent to chemical-mechanical 
polishing. 

Alternatively, such a system may be coiq>led to a diermal tool such as a furnace or a rapid themoal 
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amealing fumace. As siicb, the flatness measurement of a specimen may include f stress-induced 

curvature of a specimen due to thermal processing. In addition, such a system may also be c upledto anetchtool, 
a lithography tool, or a wafer manu&cturing tool as described herein. 

In an embodiment, a system may be configured to detennine at least an overlay misregistration of a 
5 specimen and a flatness measurement of the specimen. The system may be configured as described herein. For 
example, the system may include a processor coupled to a measurem^ device. The processor may be configured 
to detemsine at least an overlay misiegistiation of a specimen and a flatness measurement of the specimen &om one 
or more output signals generated by die measurement device. In addition, &e processor may be configured to 
determine olher properties of the specimen fiom the one or more oulput signals. In an embodiment file 

10 measurement device may include a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic refiectometer, a spectroscopic eUi^someter, a bright field imaging device, a dark 
field imaging device, a bright field and daric field imaging device, a coherence probe microscope, an inteiference 
microscope, an interferometer, an optical profilometer, a dual beam spectrophotometer, a beam profile ellipsometer, 
or any combination thereof. The system may be further configured to determine at least an overlay misregistration 

15 of a specimen and a flatness measurement of die specimen sequentially or substantially simultaneously. For 
example, the system may be coupled to a lithography tool as described herein. In addition, the system may be 
configured to determine at least a flatness measurement of the specimen prior to an exposure step of a lithography 
process. The system may also be configured to determine an overlay misregistration of a specimen prior to the 
exposure step. 

20 As described herein, a system may be configured to detemmne at least a characteristic of an iixq>lanted 

region of die specimen and a presence of defects on the specimen. The system may be configured as described 
herein. For exan:^)le, the system inay include a processor configured to detennine at least a 
implanted region of tlie specimen and a presence of defects on die specimen fiom one or more output signals 
genmted by a measurement device. In addition, die processor may be configured to detemune odier properties of 

25 die specimen fiom the one or more output signals. In an embodiment, the measurement device may include a 
modulated optical reflectometer, an X-ray reflectance device, an eddy current device, a photo-acoustic device, a 
spectroscopic ellipsometer, a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a bright field non-imaging device, a dark field non- 
imaging device, a bright field and dark field non-imaging device, a bright field imaging device, a dark field 

30 imagmg device, a bright field and dark field imaging device, a coherence probe microscope, an interference 
microscope, an optical profilometer, a dual beam spectrophotometer, or any combination thereof. 

An ion iixq>lantation process typically involves producing a beam of ions and driving at least some of the 
ions into a semiconductor substrate. The implantation of ions into a semiconductor siibstmte may alter electrical 
properties of the sCTuconductor substrate. The electrical propraties of due inq>lanted soaoiconductor substrate may 

35 vary depending on a concentration of ions hxq>lanted into the semiconductor substrate. The electrical properties of 
the implanted semiconductor substrate may also vary depending on the depth of the implanted portion of die 
semiconductor substrate and the distribution of the implanted ions as a function of diickness. Such characteristics 
of the implanted region of the semiconductor substrate may vary dependix^ on a mimber of fiu:tors inchiding, but 
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not limited to, a type of ^e ions, intplautation energy, inq)lantation dose, and masking naaterials fozmed n the 
semicondactor substrate. 

In some embodiments, an optical property f an qiper, middle, or lower portion ftiie masking material 
may be used to determine a characteristic of implanted ions in the masking material such as depth of tiie implanted 
5 ions or a characteristic of die implantation process such as implaotalion energy. For exan^le, during an ion 
implantation process, ions wiH be driven iato fce masking materiaL Hie in^lantationofions into &e masking 
material may cause physical damage to anupper sur&ce of the masking material, and ions driven into the masking 
material may reside in the middle portian of the mflfiicmg materiaL Hxe depdi to which inqilantation of ions causes 

dam^gip fft Aft ^ipp^T pftytipry nf fhe maQlfhig mflterial may he a fimctjon of fee energy of flie ions. Thedepthto 
10 which thg iniiR ^Te ^ven into th^ Tyi^qV m g material ipay also be a function of the energy of &e ions. For exanq>le, 
higher energy onplantation processes may cause more damage to an iqiper portion of the masking material and iruiy 
drive the ions farther into the masking material than lower energy ion in^lantation process. Therefore, the dq)th of 
the upper and middle portions of the masking material may be related to the implant energy of die ion implantation 
process. The depth of the upper and middle portions of die masking material may also be related to other process 
1 5 condiiiortS of tlic ion implaaiitiiuu such as the species of ions being implanted or the mrplant dose. In addition, the 
measured thickness of the lower portion of the masking material may also vary depending upon ion inq>lanta1ion 
energy. The thickness of the upper, middle, and lower portions may be determined by measuring an optical 

property of the masking materiaL THp. implflntatinTi nf inns mfn thp. maglrmg inatRriftl fir fhe implnnfftH tnaglfitig 

material resulting from the ion implantation process may, dierefore, be determined as a function of the measured 

20 optical property of die masking materiaL 

In additional embodiments, an implanted masking material may be analyzed as a smgle, sobstantiaUy 
homogenous, layer. Therefore, an optical property of substantially an entire implanted masking material may also 
be measured The entire implanted masking material may include the upper, middle, and lower portions of the 
implanted masking material as described above. The individual optical properties of die upper, middle, and lower 

25 portions may, therefore, be effectively inchided in the measurement of the optical property of die entire irtqjlanted 
masking materiaL For exarrq)le, an optical property of the entire implanted masking layer may include added or 
averaged optical properties of individual layers. An optical property of a masking material measured as a single 
layer may be used to determine the ion inq)lantation conditions. In one example, an optical property of 
substantially die entire diickness of die tnaglftng material may be compared to an optical property of substantially 

30 the entire diickness of die masking material prior to ion in^lantation. Therefore, the comparison of die optical 

properties may indicate a diange in the optical property of fhe maglrmg imiterial subsequent to die ion iixqilantation. 
A change m the optical properly of die masking material may be attributed to inq)lanted ions present in the 
masking matmal subsequent to an implantation process. In addition, an optical property of substantially die entire 
inq}lanted masking material may also be conpared to an optical property of substantially an entire masking 

35 material inplanted using known conditions. In this manner, conparing the optical properties of die two inplanted 
masking materials may indicate if the ion inplantation process is drifting over time or across several semiconductor 
substrates. 
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In one embodnnent, die optical property of ^ masking material may be a Mckness, an index f refraction 
(or refractive index), or an extinction coefficient of the masWhig material or a portion of &e masking matftrifll The 
optical property of the masking material may be measured using a broadband radiati n technique such as 
spectroscopic ellipsometry or spectroscopic reflectometry. The thickness of the masTHTig material may also be 
5 measured separately using an additional optical technique such as dual-beam spectrophotometry* £xanq)les of 
dual-beam spectrophotometry methods and systems are ilhistrated in U.S. Patent Nos. 5,652,654 to Asimopoulos, 
5,699,156 to Carver, and 5,959,812 to Carver, and are incoiporated by reference as if fulty set fortti herein. 
Additionally, several optical properties of the wfiafiVing material may be measured sinmltaneousfy. For example, a 
^ckness of the upper, middle, and lower portions of ^e in^lanted masking material may be measured 

10 simultaneously. In addition, an index ofrefractionazxd an extmctioncoeffident may be measure 

for an implantBd masking material or a portion of an tmplantBd TnagTrmg twatarial. D^ending on the mmiber of 
optical properties measured, several characteristics of the ion in^lantation process and/or the ]nq)lanted maglring 
material may also be determined simultaneously. Characteristics of the ion implantation process may include, but 
are not limited to, in^lant dose, iiiq)lant energy, and in:q)lant species. Characteristics of the implanted masking 

1 5 matcfial may include, but are not limited to, concentration of tiie inq[)lanted ions in the masking material and the 
presence of inq>lanted ions in the masking material 

In an enibodnnen^ the measured optical property of the implanted masking material may also be used to 
detemune a characteristic of an iicplanted portion of the semiconductor substrate. The inq>lanted portion of the 
semiconductor substrate may be formed during tiie inq>lantation of ions into the majgVfng material or during 

20 subsequent ion iiiq)lantation processes. Characteristics of an implanted portion of a semiconductor substrate may 
include a depth of the inq)lanted portion, a concentration of ions in the implanted portion, and a distribution of 
implanted ions as a frmction of tiie thickness of the inqilanted portioiL Such characteristics may be a fimction of a 
measured optical property of the maskmg matraiaL The function may describe a relationship between the optical 
property of the implanted masking material and the implantation of ions into the semiconductor substrate. The 

25 function may be determined experimentally by in^lanting a masking material and a portion of a semiconductor 
substrate simultaneously. The optical property of the implanted masjdng layer and the electrical properties of the 
implanted portion of the semiconductor substrate may then be measured. The electrical properties of tiie implanted 
portion of the semiconductor substrate may be related to characteristics of the implantation of ions into the 
semiconductor substrate such as deptii of tiie inq>lanted portion or distribution of the inxplanted ions as a frmction of 

30 tiiickness of tiie semiconductor substrate. A nuniber of wafers may be processed and measured in this manner m 
order to generate a set of data that may be used to determine a functional relationship between an optical property 
of an implanted masking material and a characteristic of inq)lanted ions in a semiconductor substrate. 

Alternatively, the functional relationship may include a matiiematical or theoretical model that describes a 
relationship between inc^lantation in a maslring material and inqilantation into a semiconductor substrate. For 

35 example, a matiiematical or theoretical model may be used to determine the deptii of an ixnphaxtcd portion of a 
semiconductor substrate using implant energy, inq}lant dose, or depth of the implanted region of the mnctn'Tig 
material as determined from an optical property of the implanted masking material. An exan:q)le of a method for 
using spectroscopic ellipsometry and spectroscopic reflectometry to monitor ion in^lantation is illustrated in U.S. 
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Patent Application Serial No. 09/570,135, "Metii d of Monitoring I n In^lants by Examination of an Overlying 
Masking Material" to Strocchia-Rivera, filed on May 12, 2000, and is incorporated by reference as if iuUy set forth 
herein. 

Optical evaluation of an ion inaplantation process may provide several advantages over curxent methods to 
S evaluate an ion implantation process. For exanq)le, an optical method may provide non-destnictive testing and may 
not interfere mth processing of a semiconductor substrate or tiie performance of a ^ricated semiconductor device. 
Furthermore, optical evahiation of the masking material may not require additional processing such as annealing of 
the semiconductor substrate on which tiie masking material is formed. Therefore, evahiation of an ion inq)]aotation 
process usmg an optical method sudi as a broadband radiation technique may be perfotmed during the ion 

1 0 in^lantation process. 

In an einbodimenl; a system configured to evaluate an ion inqslantation process as described herein may 
coiq)led to an ion implanter. The system may include a measurement device as described herein. The measurement 
device may be coupled to a process chamber of the ion inq)lanter as shown, for exanq)le, in Fig. 17. The 
measurement device may be coupled to the ion implanter such that the measurement device may be external to tiie 

15 ion in^lanter. In this manner, closure of the con^nents of the measurement device to chemical and physical 
conditions within the ion inq)lanter may be reduced, and even eliminated. Furfeermore, the device may be 
externally coupled to the ion waplmtsr such that the measurement device does not interfere with the operation, 
performance, or control of the ion inq>lantation process. 

The measurement device, however, may be configured to focus an incident beam of broadband radiation 

20 onto a specimen in the ion inq)lantBr. The measurement device may also be configured to detect at least a portion 
of a beam of broadband radiation retumed from the specimen. For example, a process chamber of an ion inq^lanter 
may include small sections of a substantially optically transparent material disposed witbin walls of tiie process 
chaniber. The small sections of transparent material may be configured to transmit Ae incident and retomed beams 
of broadband radiation from an illumination system outside the process chamber to a specimen within the process 

25 chamber and from the specimen to a detection system outside the process chamber. The optically transparent 

material may be further configured to transmit incident and retumed beams of light without undesirably altering the 
optical properties of the incident and reflected beams. An a^jpropriate method for coupling a measurement device 
to an ion imphntcr may vary, however, depending upon, for example, a configuration of the ion in^lanter. For 
example, placement and dimensions of the transparent material sections disposed witiiin the walls of the process 

30 chamber may deperid on tiie configuration oftiieconq}onents within die process chainber. Hierefore,a 

measurement device coupled to an ion in^lanter may be configured to measure optical properties of the masking 
material, optical properties of a portion of the maskmg material, optical properties of a multi-layer maskmg stack, 
* or optical properties of the specimen durmg the hnplantation process. 

In an additional embodknent, the system may also include a processor coupled to the measurement device 

3 5 and the ion inq)lanter. The processor may be configured to interface with the measurement device and the ion 
implanter. For exan^le, the processor may receive signals and/or data from the ion inq)lanter representative of 
parameters of an instrument coupled to the ion implanter. The processor may also be configured to receive signals 
and/or data from the measuronent device rqiresentative of light retumed from the specimen or at least one property 
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f die i]iq)laiited region faspecimen. AdditionaHyi &e processor my be further configured to cont^^ 
measurement device and the ion nxq)lanter . For exan^le, die processor may alter a characteristic f die inq)lanted 
region of the specimen by altering a parameter of an instrument coupled to die ion in^)lanter. Therefore, the system 
may monitor and control die iD:q)lantation of ions during a process. 
S In an additional embodiment, the system may be configured to monitor or measure variations in at least 

one optical propoty of the implanted masking material. For exaii9)le, die measurement device may be configured 
to measure an optical property of the inq>lanted masking material substantially continuously or at predetermined 
time intervals during an ion in^Iantation process. The processor may, therefore, receive one or more ou^ut signals 
fiom the measurement device that may be representation oflight returned from die specim^ The processor may. 

10 also monitor variations in die one or more ou^ut signals over die duration of die ion iti9)l^^ By 
analyzing variations in the one or more ou^t signals during mqilantation, the processor may also generate a 
signature representative of the implantation of die ions into die masking material The signature may include at 
least one singularity that may be characteristic of an endpoint of the ion in^lantation process. An appropriate 
endpoint for an ion implantation process may be a predetermined concentration of ions in a masking material or in 

15 a specimen. In addition, the predetermined concentration of ions may vary depending upon the semiconductor 

device feature being fabricated by the ion implantation process. After the processor has detected the singularity of 
die signature, the processor may stop the ]n:q)lantation of ions by altering a level of a parameter of an instrument 
coiqiled to the ion implanter. 

In an embodiment; a method for febricating a semiconductor device may include implanting ions into a 

20 masking material and a semiconductor substrate. The maskmg material may be arranged on the semiconductor 
substrate such that predetermined regions of die s^conductor substrate may be in^lanted widi ions. For 
exanq)le, portions of the masking material may be removed by a lidiography process and/or etch process to expose 
regions of die semiconductor substrate to an iiiq)lantation process. During an ion inoplantation process, typically, 
an entire scanned may be scanned with a beam of dopant ions. Therefore, the remaining portions of masking 

25 material may inhibit the passage of dopant ions into underlying regions of the semiconductor substrate during an 
ion in^lantation process. As such, patterning the masking material may provide selective implantation of ions into 
exposed regions of the specimen. 

The exposed regions may be regions of a specimen in which features of a semiconductor device are to be 
formed. For example, a dielectric material overlying a channel region of a gate during an ion inqilantation process 

30 may prevent inqilantation of ions into the gate conductor or the channel region beneath the gate conductor. The 
exposed regions of the spechnen may, therefore, correspond to a particular feature of die semiconductor device 
being fiibricated such as a junction region. Alternatively, ions may be inq>lanted through a masking material and 
into underlying regions of the semiconductor substrate. In this manner, die masking material may include a diin 
gate dielectric material arranged over junction regions of a transistor. Lxqilantation of ions through a maclring 

35 material may enhance the electrical properties of the implanted region of the semiconductor substmte, for example, 
by randomizing die directional paths of the ions which are being driven into the specimen. The masking material 
may also be formed over a substantially planar specimen or over a non-planar specimen. 
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Fabricatmg a semiconductor device may als include monitoring implantation of ions into tiie 
semiconductor substrate by measuring at least one optical property of the masking material during the ion 
in^lantation process. The optical property of the masking material may be altered by the implantation f ions into 
the masking material. As such« the method for &bricatmg a semiconductor device may als include detennining at 
S least one characteristic of the implanted ions m the semiconductor substrate. The characteristic may be determined, 
for example, using a function that describes a relatLoosh^ between &e optical property of the in^lanted magVing 
material and fbs i]iq)lantation of ions into the semiconductor substrate. 

Jn an embodimoi^ any material ^t may be substantially transparent to at least a portion of the light 
produced by a measurement device, as described above, may be used as a masking material for evaluation of an ion 
10 implantationprocess involving measurement of 'optical properties of a mas^^ In one embodiment, the 

masking material may be a resist An appropriate resist may include photoresist n:iaterialsttiat may be patterned by 
an optical lithogn^hy technique. O&er resists, however, may also be used such as e-beam resists or X-ray resists, 
which may be patterned by an e-beam or an X-ray lithography technique, respectively. In another embodiment, the 
maskmg material may include an inorganic material. Inorganic masking materials that may be used to inhibit ion 
1 5 in^lantation include, but are not limited to, silicon dioxide, silicon nitride, titanium nitride, polyciystalline silicon, 
cobalt silicide, and titanium silicide. The inorganic masking material may be formed by deposition techniques, 
such as chemical vapor deposition, or themsal growth techniques. The inorganic Tnaclring materials may be 
patterned usiog an etch technique. 

Jn ano&er embodiment, the maskmg material may include two or more layers of different masking 
20 materials arranged in a stack. Forexanq)le,theinaskinginaterialmaymch2dearesi5tfonnediiponaninorgan^ 
material Ths inorganic material may be include any material that inhibits the implantation of ions tibroi^ die 
masking material. When used as part of a masking material, die morganic niiaterial may not be transparent or may 
not exhibit any substantial changes in optical properties when esqNssed to ions. The subsequent optical analysis 
may be done on the overlying resist material rather than on the underlying inorganic tnaglring material, Xhe 
25 inorganic material may be formed on a specimen prior to coating tiie ^ecimen with a resist Ibis additional 
inorganic material, in combination with an overlying resist, may serve as tiie masking stack. An appropriate 
masking material may vary dq)ending on, for example, an ion inq)lantation process or an ion in:q>lanter 
configuration. 

During ion in:^)lantation processes, and especially in processes using relatively high dosage levels, a 
30 semiconductor substrate may be significantiy damaged due to the inq>lantation of dopant ions into regions of the 
semiconductor substrate. For example, an inQ>lanted region of such a damaged semiconductor substrate may 
mclude of an upper crystalline damaged layer and an intermediate layer of amorphous silicon. The damage in the 
xtpper crystalline layer may be caused, for exanq)le, by electronic collisions between atoms of die semiconductor 
substrate and the implanted ions. Displacement damage, however, may not be produced if ions entering the 
3 S semiconductor substrate do not have enough energy per nuclear collision to displace silicon atoms £rom their lattice 
sites. Increasing the dose of ions, and in particular relatively heavy ions, may produce an amoiphous region in 
which the displaced atoms per unit volume may approach the atomic density of die semiconductor substrate. As the 
inq)lant dose of the ion in:^)lantation process increases, die thickness of die amorphous layer may also increase. 
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Hie presence f an amorphous layer of silicon may act as a b imdaiy &at may reflect optical radiation. Reflection 
of light by the amorphous layer may also effect the reflectance and ellipsometric measurements. Therefore, 
measurement of an ptical property of the amorphous silicon layer may also be used to monitor ttie processing 
conditions f an ion inq)lantation process. 
S In an embodiment, an optical property of an iinplanted portion of a semiconductor substrate may be 

measured. Ihe optical property may be a ftidmess, an index of refraction, or an extinction coefficient of tiie 
m^lanted portion. In addition, several optical properties of the in^lanted portion of the semiconductor substrate 
may be measured substantial^ simultaneously. The optical property of tiie ixtqilanted portion of tiie semiconductor 
substrate and the optical property of the implanted masking material may also be measured substantially 

10 sinmiltaneously. A characteristic of tiie inqplanted ions in tiie semiconductor substrate may be detenxuned from tiie 
measured optical property of the in^lanted portion of tiie semiconductor substrate. This characteristic may, 
therefore, be related to the inqilantation of ions into a portion of tiie semiconductor substrate or a characteristic of 
the resulting iiiq>lanted semiconductor substrate. For exan^yle, the characteristic may be an implant energy, an 
in^lant dose, or an implant species of tiie ion in^lantation process. In addition, the characteristic may be a 

1 5 concentration of ions, a deptii, a distribution of tiie implanted ions as a function of thickness, or a presence of the 
implanted ions in the inqilanted portion of tiie semiconductor substrate. In addition, optical properties of the 
ixx^lanted portion of tiie semiconductor substrate may be used to determine several characteristics substantial!^ 
simultaneously, which may mclude, but are not limited to, any of the characteristics as described above. A 
characteristic of the semiconductor substrate and a characteristic of the in:q>lant6d ions in the Tna.<lring material may 

20 also be determined substantially simultaneously. 

In an additional embodiment, optical properties of tiie inq>lanted portion of the senuconductor substrate 
may be measured using a broadband wavelengtii technique as described herein. For exan^le, a measurement 
device, as described herein, may be configured to use a broadband wavelength technique to measure optical 
properties of an implanted portion of a semiconductor substrate. Additionally, tiie measurement device may be 

25 coupled to an ion inq)lanter as described above such that measuring an optical property of the in^lanted portion of 
the semiconductor substrate may be performed during an ion implantation process. Therefore, variations in an 
optical property of the inq)ianted portion of die semiconductor substrate may also be measured during an ion 
implantation process. In this manner, a signature characterizmg the implantation of ions into the semiconductor 
substrate may be obtained. This signature may include a singularity characteristic of an end of the inqilantation 

3 0 process. As described above, an appropriate em^oint may be, for exanple, a predetermined concentration of ions 
m tiie semiconductor substrate. An appropriate processor, as described herein, may then reduce or substantially 
stop processing of the semiconductor substrate by controlling the ion inq>lanter. 

In an embodiment, the measured optical properties of the ]ixq>lanted masking material may be used to 
determine processing conditions for subsequent ion implantation processes of additional specimens such as 

35 additional semiconductor substrates or semiconductor device product wafers. For example, the ixxsphmt energy of 
the implantation of ions into the masking material may be detenxuned using the measured optical property of the 
implanted masking material. The determined implant energy may be used to determine depth of an inq}lanted 
portion of a semiconductor substrate during an ion inq>lantation process. Ths depth of the implanted portion of the 
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semiconductor substrate may also be detennined fiom a measured optical properties f the fmplarited portion f the 
semiconductor substrate. 

Hie determined depth of the in^lanted portion of tilie semiconductor substrate may be less tiian a 
predetemiined deptk The predetemiined depdi may vary depending n, for exanq)le» a feature fabricated during 
S &e ion ioiplantation process. Tlierefore, before processing additional semiconductor substrates, or product wafeis, 
die in^lant energy or another process condition of the ion implantatf on process may be alt^ed such that a depHx of 
an implanted portion of the additional semiconductor substrates may be proximately equal to Ae predetermined 
dqsfh. For exan^Ie, an inq>Iant energy of the ion implantation process may be increased to drive file ions deeper 
into the semiconductoT substrate. In ^us maimer, naeasuied optical properties of a maskms material may be used to 

10 deterxnine and alter process comiitionsofan ion in^laiitation process using a feedbad^ Inan 
additional embodimtent, measured optical pr op e rt i es of an inoplanted portion of a semiconductor substrate may be 
used to determine and alter process conditions of an ion implantation process using a feedback control technique. 

In an additional embodiment, measured optical properties of an implanted masking material may be used 
to determine process conditions of additional semiconductor fabrication processes that may be performed 

15 subsequent to an ion in^iantation process. Additional semiconductor fabrication processes may include, but are 
not limited to, a process to anneal the inq)lanted regions of a semiconductor substrate and a process to remove the 
masking xnateriaL For example, an implasit energy of an ion implantation process may be detennined using a 
measured optical property of an implanted TnafiVmg material Hie determined inqilant energy may be used to 
determine a depfii fiiat ions may be in:q)lanted into a semiconductor substrate using the ion implantation process. 

20 Alternatively, a depth of the inq>lanted portion of a semiconductor substrate may also be determined usmg a 
measured optical property of the in^Ianted semiconductor substrate. 

Tlie determined depfli of the iorplanted portion of the semiconductor substrate may be greater ihan a 
predetermined depth. Process conditions of an annealing process performed subsequent to the ion implantation 
process, however, may be optimized for the predetermined. Therefore, before annealing an in^lanted 

25 semiconductor substrates having tiie determined depth, a process condition of the aimealing process such as anneal 
time or anneal temperature may be altered. In this example, the anneal time of die aimealing process may be 
increased to ensure substantially complete recrystallization of the amorphous layer formed in the semiconductor 
substrate by die ion in^lantation process. In this manner, measured optical properties of a Tnaslrifig material may 
be used to determine process conditions of a semiconductor fabrication process performed subsequent to an ion 

30 implantation process using a feedforward control tedmique. Measured optical properties of an hxq)lanted portion of 
a semiconductor substrate may also be used to deteErmine process conditions of a semiconductor &brication process 
performed subsequent to an ion inq>lantation process using a feedforward control technique. 

A set of data tiiat may include measured optical properties of a masking material may be collected and 
analyzed. The set of data may be used to determine processing conditions of an ion implantation process or to 

35 monitor die processing conditions over time. Process control mediods as described herein may also be used in 

conjunction witii electrical testing of an implanted region of a semiconductor substrate. The combination of optical 
and electrical analysis may provide a larger amount of characterization data for an ion inq)lantation process. The 
characterization data may be used to assess the mechanisms of ion in:q)lantation, to determine the cause of defects. 
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and to alter process conditions. In addition, tibis process control strategy may be tised to qualify, or chaiacterize die 
peiformance of^ a new ion ioqplanter. Furdiennore, diis process control strategy may be used to detennine an 
appropriate masking material and masking material thickness in development of an ion implantation process. The 
process control method may also be used to connate &e perfomiance ftwo r more ion in^lanters. Such a 
S process control method may be used in a manufacturing facility in which several ion inq)lanters may be used in 
parallel to manu&cture one type of device or product 

in an embodiment a system may be configured to determine at least an adhesion charactmstic of a 
specimen and a thickness of the specimen. The system may be configured as described herein. Forexan^le^die 
system may also include a processor coiipled to a measurement device. In addition, the processor may be 
10 configured to detmnine other properties ofthe specimen firom the detected light In an embodiment, the 

measurement device may include a photo-acoustic device, a spectroscopic ellipsometer, an elIq)someter, an X-ray 
refiectometer, a grazing X-ray reflectometer, an X-ray diffiactometer, a non-imaging scatterometer, a scatterometer, 
a spectroscopic scatterometer, a reflectometer> a spectroscopic reflectometer, a bright field iinaging device, a dark 
field imaging device, a bright field and dark field imaging device, a coherence probe microscope, an interference 
15 microscope, an optical profilometer, an eddy current device, an acoustic pulse device, or any combination tbereof 
The processor may be configured to determine at least an adhesion characteristic and a thickness of the specimen 
from one or more output signals from the measurement device. 

In an emtbodiment, an acoustic pulse device or a photo-acoustic device may be configured to use acoustic 
pulses to characterize a layer formed upon a specimen. For exaiiq>le, acoustic pulses may be used to determine a 
20 tiiickness of a layer such as a metal disposed on a specimen. An advantage of an acoustic pulse device is tiiat 

measuring a property of a layer formed on a spechnen witii die device is substantially non-desliuctive. An acoustic 
pulse device may be configured to apply a laser pulse to a specimen. The laser pulse may be absorbed within one 
absorption lengtii firom an upper sur&ce of tiie layer thereby causing a rise in local surface tenq>eratuie. Depending 
on ten^erature coefficient of expansion (expansivity) of a layer, the lay^ may undergo thermal stresses, whidi 
25 may generate an elastic pulse in the layer. The elastic pulse may propagate across the layer at approximately tiie 
velocity of sound. The time of flight for the elastic pulse across the layer may be measured and may be used to 
determine a thickness of the layer. Measuring the time of flight for the elastic pulse may include steps of the 
methods described below. 

In one embodiment, a laser pulse of radiation may be applied to a first surface area of a specimen to non- 
30 destructively generate an elastic pulse in tiie spedmen. The elastic pulse may cause die first surface area to move. 
The acoustic pulse device nuiy inchide an interferometer configured to detect an acoustic echo of the pulse 
traversing the specimen. The interferometer may also be configured to provide a pair pulses inchiding a probe 
pulse and a reference pube of radiation. The interferometer may be further configured to direct the probe pulse to 
the first surface area when it is moved by the elastic pulse and arefer^ice pulse to a second surfiKce area. The 
35 second surface area may be laterally spaced from the first sur&ce area. The interferometer may also be configured 
to monitor the reflection of the pulses off of the sur&ce of the specimerL The reflection of the pair of pulses may 
be used to determine a thickness of a layer on the specimen. For exanq>le, a processor of the system may be 
configured to detennine a thickness of the layer using one or more output signals from the interferometer. 
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In an embodiment, a mediod f r non-destructivcly measuiing propexties of a specimen may include 
directing a pump pulse of radiation to a first surface area of the specimen to non-destnictiveiy generate an elastic 
pulse in die specimen. Hie generated elastic pulse may cause the first sur&ce area to move. Hie method may als 
include directing a probe pulse and a reference pulse of radiation to die specimen using an interferonoeter. 
5 Directing tiie probe and reference pulses may include directing the probe pulse to the first sox&ce aiea vfbm it is 
moved by die elastic pulse and directizig the reference pulse to a second surface area. The second surface area may 
be laterally spaced finom the first surface aiea« In addxtion, the method may mclude monitoring reflections of die 
probe and reference pulses. Tlie method may ako include determine a thicloaess of a kyer on die specoxien. Both 
of die above described acoustic-pulse mediods are described in furdier detail hi U.S. Patent No. 6,108,087 to 
10 >^oonahad et aL andU.S. Patent Application Serial No. 09/310,017, both of which are mcorporated by reference 
asif fully set forth herem. Odier mediods for nieasoring films usmg acoustic waves are also desaibed in U.S. 
Patent No. 6,108,087. 

In another embodiment, an acoustic pulse device may be configured to determine a thickness of a layer by 
using a probe pulse and a reference pulse that are substantially in phase with each odier. The in-phase pulses may 

15 be used to measure an acoustic acuo created by a pump pulse applied to an area of the layer. The applied pmx^ 

pulse may create an elastic pulse that may propagate through the layer. The probe pulse may be directed to the area 
of the specunen through which die elasdc pulse propagates. The reference pulse may be dhected to substantially 
the same surface area or a different sur&ce area of die sanq>le sudi that the pair of pul^ 
specimeiL The modified pulses may interfere at a detector. For example, at least one of the pulses may be 

20 modulated in phase or fi:equency before or after modification by the san^le and prior to detection by the detector. 
By processing one or more output signals from die detector, a thickness of a layer on the spedmen may be 
determined. 

In one embodiment, an optical delay may be used to alter a time relationship between the pun^ pulse and 
the probe pulse. In this manner, the probe pulse may be directed to die specimen surface when it is influenced by 

25 the elastic pulse created by the pump pulse. The reference and probe pulses may be directed along substantially die 
same optical path between an optical source and a detector. Such a configuration may reduce, and even minimize, 
random noise in one or more output signals of the detector, which may be caused, for example, by environmental 
factors. Such a configuration is further described m U.S. Patent Application Serial No. 09/375,664, which is 
incorporated by reference as if Mty set forth herein. 

30 Acoustic pulse devices, as described above, may be incorporated into any of the systems and/or process 

tools as described herein. 

In an embodiment a system may be configured to deteimme at least a concentration of an elemoit in a 
specimm and a thickness of a layer on the specimen. The system may be configured as described herein. For 
example, the system may also include a processor coupled to a measurement device. The processor may be 
3 S configured to determine at least a concentration of an element in a specimen and a thickness of a layer formed on 
the specimen firom one or more ou^ut signals generated by the measurement device. In addition, the processor 
may be configured to determine other properties of die specimen £rom the detected light In an embodiment, the 
measurement device may include a photo-acoustic device, an X-ray reflectometer, a grazing X-ray refiectometer, 
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an X-ray dif&actometBr, an eddy cuxrent device, a spectroscopic ellipsometer, an ellipsometer, a non-imaging 
scatterometBi, a scatteiometer, a spectroscopic scatter meter, a reflectometer, a spectroscopic reflectometer, a 
bnght field imaging device, a dark field imaging device, a bright field and dark field xmagmg device, a coherence 
probe microscope, an interference microscope, an optical profilometer, an eddy current device, or any combination 
5 fliereof. 

An X-ray reflectance (''XRR") technique may be used to measure a property of a specimen sudi as a 
concentration of an element in a thickness of a layer or at an intei&ce between layers on a specimen. X-ray 
reflectance may also be used to determine a thickness of a layer or an inter&ce between layers on a specimen. 
Layers ^AndL may be measured by X-ray reflectance may include layers substantially transparent to light such as . 

1 0 dielectric materials and layers substantially opaque to light such as metals. X-ray reflectance may include 

inadiatiiig a sur&ce of a specimen with X-rays and detecting X-rays reflected from the sur&^ A 
thickness of a layer may be determined based on interference of X-rays reflected from the surface of Ae specimen. 
In addition, reflection of X-rays from the surface of the specimen may vary depending on refractive index changes 
at a surface of a layer on the specimen and at an interface between layers on the specimen and &e density of the 

1 5 layer or of ihe interface. Therefore, a complex refi:active index in an X-ray regime may be directly proportional to 
a density of a layer. In this manner, a concentration of an element in a layer or at an interface between layers inay 
be determined based on tiie density and fliickness of the layer. 

X-ray reflectance may be performed at different angles of incidence depending upon, for exan^sle, 
characteristics of a specimen. An X-ray reflectance curve may be generated by a processor using one or more 

20 output signals responsive to &e detected X-rays reflected from the sur&ce of the specimen. Tlie X-iay reflectance 
curve may include an average reflectance conq>onen^ which may be caused by bulk pr op erties of the specimen. 
The average reflectance conq>onent may be subtracted fiom the one or more output signals such that an interference 
oscillation con^onent curve may be generated. Parameters of the interference oscillation conq>onent curve may be 
converted, and a Fourier transform may be performed. A thickness of a layer may be determined by a position of a 

25 peak of a Fourier coefficient, F(d), In addition, a peak intensity of the Fourier coefficient, F(d)y may be used to 

determine a layer density or an interface density. For example, a relationship between a peak intensity of a Fourier 
coefficient and a layer density may be simulated and may be used to determine a layer density. Alternatively, a 
layer density may be determined based on the X-ray reflectance curve by fitting the curve to model data using a 
matiiematical method such as a nonlmear least squares curve-fitting method, la such a method, several of die fitted 

30 parameters may be inter-related. Therefore, parameters tiiat may be substantially constant across specimens may be 
fixed at average values in order to prevent nniltq)le solutioss. 

A concentration of an element on a sur&ce of a layer or at an inter&ce between layers may be detennined 
by using data diat may describe a relationship between interface layer density and concentration. Hie data may be 
generated by another analytical technique such as secondary ion mass spectroscopy ("SIMS"). SIMS may involve 

35 removing material from a san^le by sputtering ions from the surface of the san:q)le and analyzmg the sputtered ions 
by mass spectrometry. Examples of SIMS techniques are ilhistrated in U.S. Patent Nos. 4,645,929 Cricgem et aL, 
4,912,326 to Naito, 6,078,0445 to Maul et al., and 6,107,629 to Benninghoven et aL, and are incorporated by 
reference as if fully set forth herein. In this manner, a plurality of saii^>les having various elemental concentrations 
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may be piepaied. The 5anq)les may be analyzed by XRRt detennine density of Ihe layer r interface of interest 
and may also be aiialyzed by SIMS to detennine a concentration f the layer or interface f interest A relationshq) 
between density and concentration may then be determined. Hie determined relationsb^ may be used to determine 
concentration of an element on a surface of a layer or at an interface between layers in additional specimerL 
S A device configuied to measure X-ray reflectance of a layer or an inter&ce between layers of a specunen 

may include a measurement chantber. A specimen noiay be supported widiin the measurenieiit chamber by a stage 
or ano^mechaiiical device. An qq[gopriate stage or mechanical device may be configured to maintain a position, 
of fbe specimen during measuiement and for moving the specimen before, during, and/or after X-ray reflectance 
measurements. Ilie stage or mechanical device znay also be fmlherconfiguied as described herein. Hie 

1 0 measurement chamber may also be configured as a process chamber of a process tool, v/bich. may be used for 

semiconductor fabricatioiL For exsaaplo, the process chamber may include a deposition chamber in which a metal 
film may be formed on a specimen or an ion m:q)lantation chamber in which ions may be driven into a specimen. 
In Ibis manner. X-ray reflectance measurements may be performed prior to, during, or subsequent to a process 
performed in the process chamber. The measurement chamber may also be disposed within or proximate a process 

1 5 tccl such that a speeimen may be moved from a process chamber of the process tool to the measurement chamber. 
In one example, the measuiement chamber may be coiq>led to a chemical-mechanical polishing tool such that X-ray 
reflectance measuremmts may be performed prior to or subsequent to a process step of a chemical-mechanical 
polishing process. 

The device configured to measure X-ray lefiectance of a layer or an interface between layers of a 

20 specimen may also include an X-ray source sacb as a rotor X-ray source. X-rays generated by the X-ray source 
may be passed tiuough a geimanium moxuKhromator. The measurement chamber may also include a beryllium 
window m a wall of ^ measurement chamber through v^ch the X-rays may enter the measurement chamber. In 
this maimer. X-rays may be directed to a surface of a specimen supported within the measurement chamber. In 
addition, the device may include an X-ray detector arranged on a side of the measurement chamber opposite to the 

25 X-ray source. As such, X-rays reflected from the surface of the specimen may be detected. The system may also 
include a controller computer configured to control the device and/or individual components of the device. The 
controller computer may also be configured to process a signal generated by the detector in response to the detected 
X-rays and to detenxune a concentration of an element in a layer or an inter&ce between layers of a specimen. The 
controller computer may be further configured as a processor as described hereiiL Additional examples of X-ray 

30 reflectance methods and systems are illustrated in U.S. Patent Nos. 5,740,226 to Komiya et aL and 6,040,198 to 
Komiya et al., which are incoiporated by reference as if fully set fortii hereirt 

In an embodiment, an eddy cunent device may be configured to measure a thickness of a layer formed 
upon a specimen. Eddy current devices may also be coiifigured to measure junction leakage in a specimeii. An 
eddy cuirent device may include a sensor configured to apply an alternating current to a specimen. The applied 

35 altemating current may cause an eddy current in die specimen. The resistance or conductance of the specimen may 
be analyzed using the eddy current A thickness of a layer on the specimen may be determined by a change in 
resistance or conductivity. Me&ods for using eddy currents to detennine a thickness of a layer on a specimen are 
illustrated in U.S. Patent Nos. 6,086,737 to Harada, and U.S. Patent Application enticed "In-Situ Metallization 
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Momtoring Using Eddy Cunent Measuranents, by K. Rehman, S M. Lee, W. Johnsoii, and J. Fielden, which aie 
incoxporated by reference as if fully set forth herein* 

A sensor or an eddy current device may include a c£q}acitor and an inductor. During use, die sensor may 
be positioned proximate to ^e specimen. When a layer formed on the specimen is conductive or magnetic, die 
S inductor may be configured to co\:^le an alternating ('WO electromagnetic field to die layer. The alternating 
electromagnedc field may induce ediy (ie., Foucault) cmients in die layer, and two effects may be present First, 
die layer may act as a lossy resistcnr, and die effect will be a resistive loading on a sensor circuit, whidi will lower 
the an^litude of die resonant signal and lower die resonant fieqoency. Second, a decrease in die layer dudmess 
may produce an effect as though a metal rod were being wididxawn fiom d]ye coil of the inductor thereby causing a 

10 change in inductance as weO as a frequency dnft As die diickaessofdie layer changes, eidier by addition or 
removal, die eddy currents may change, and tbns dieir resistive loading effect and magnitude of frequency shift 
may change as well. When a layer is not present, there will be no effect on die sensor circuit (i.e., no resistive 
loading, no inductance change, no frequency shift). Thus, a change in diickness of a layer may be monitored 
substantially continuously or intermittendy by monitoring changes in any of these parameters. 

1 5 Note diat any conductive film may be monitored using an eddy current device, not just a layer such as a 

thin film on a semiconductor substrate. For example, in an electroplating process, metal ions in a plating solution 
dissolved from a metal block electrode acting as an anode may b e deposited on a target at the cadiode to form a 
film. Eddy current rneasuremenls may be used to monitor formation ofdie film on die target during 
electroplating process, bodi in*situ and real time. 

20 Eddy current devices and measurements may be used in a variety of applications. In one embodiment, an 

eddy current device may be coiqiled to a chemical mechanical polishing tool In this application, die eddy current 
device may be used to determine one or more eni^ints of die polishing process and/or a thickness of one or more 
polished layers prior to, during, or subsequent to die polishing process. In another embodiment, an eddy current 
device may be coupled to a deposition tool. In this case, die eddy current device may be utilized to detect a 

25 thickness of a deposited layer, eidier after the layer is deposited or while the layer is being deposited. The eddy 
current device may also be used to determine one or more endpoints of the deposition process. 

In anodier method, monitoring eddy current characteristics and surface photovoltage may be used in 
combination to determine a junction leakage in a specimeiL Generally, a specimen such as a semiconductor 
substrate may include a first type junction and a second type junction. Junction leakage may be monitored by 

3 0 applying varyiog light to die SCTiconductor substrate, measuring a surface photovoltage created on the surface of 
the semiconductor subsfiate, and measuring the eddy cunent characteristic for the semiconductor substrate in 
response to the light. A junction leakage characteristic of at least one of the junction types may be detemuned from 
the combination of surface photovoltage and the eddy current characteristics. Hie use of eddy current monitoring 
to measure junction leakage is described in frirdier detail in U.S. Patent No. 6,072,320 to Verkuil, which is 

3 5 incorporated herein by reference. 

Eddy current measurement devices may be included in any of the systems, as described herein. For 
example, a system may include an eddy current measurement device coi^led to a measurement device configured 
as a spectroscopic ellipsometer. In this manner, a processor of the system may be configured to determine at least 
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two characteristics of a specimen, which may inchide a thickness of a layer on a specimen and a critical dimension 
f a feature on the specimen- The layer may include a barrier layer, and tiie feature may include a "seat" 

A system including an eddy current measurement device and a spectroscopic tJhps meter may be coupled 
to a process tool such as an atomic layer depositi n("ALD'OtooL AID may be used to form a barrier layer and/or 
5 a seat ALD may typically be a technique for d^ositing thin films that may involve separating individual reactants 
and taVing advantage of the phenomenon of sur£ace adsorption. For exanq)le, ^len a specimen is eiqxysed to a gas, 
the spedmen may be coated with a layer of die gas. I^n removing the gas, for exanqile, by punq)ing die gas out 
of the process chamber wifli a vacuum pnnq), under certain circumstances a monolayer of fhe gas may remain on a 
surface of the specimen. At relatively moderate ten^eratnres (ie., room temperature), ^e monolayer may held 

10 relatively weakly on the surfice of the specimen by physical adsorption forces. At higher temperatures, a surface 
chemical reaction may occur, and die gas may be held relatively strongly on the sur^ice of the spedmen by 
chemisorption forces. A second reactant may be introduced to die process chamber such that die second reactant 
may react with the adsoibed monolayer to form a layer of solid film. In this manner, relatively diin solid films such 
as barrier layers may be grown one monolayer at a time. In addition, such thin solid films may be amorphous, 

1 5 polycrystailine, or epitaxial depending on, for exaiiq)le, die specific process. 

Fig. 23 illustrates an embodiment of a S3rstem configured to evaluate a deposition process. In an 
embodiment, a system may include measurement device 238 coupled to deposition tool 240. Measurement device 
238 may be coupled to dq}osition tool 240 such that the measurement device may be external to a process chamber 
of the deposition tool As such, cxposim of the measurement device to chemical and physical conditions within the 

20 process chamber may be reduced, and even eliminated. Furthermore, die measurement device may be externally 
coupled to the process chamber such that the measurement device may not alter operation, performance, or control 
of die deposition process. For example, a process diamber may include relatively small sections of a substantially 
optically transparent material 242 disposed within walls of die process chaniber. The configuration of a deposition 
tool, however, may determine an appropriate mediod to couple the measurement device to the deposition tooL For 

25 example, placement and dimensions of substantially optically transparent material sections 242 disposed witiiin the 
walls of the process chaniber may vary depending on, for exan:^)le, the arrangement of the conq)onents within die 
process chamber. In addition, measurement device 238 may be coupled external to the process chamber such that 
the measurement device may direct energy to a surface of the spechnen and may detect energy returned fiom a 
sur&ce of the specimen as a specimen is being placed within and/or being removed from the process chamber. A 

30 surface of die specimen may include a front side of the specimen or a back side of die specimea 

Hie deposition tool may be a chemical vapor deposition tool or a physical vapor deposition tool 
configured to deposit dielectric materials or conductive materials. Examples of deposition tools are iUustrated in 
U.S. Patent Nos. 4,232,063 to Rosier et aL, 5,695,568 to Sinha et al., 5,882,165 to Maydan et al., 5,935,338 to Lei 
et al.. 5,963,783 to LoweU et aL, 6,103,014 to Lei et aL, 6.1 12,697 to Sharan et al., and 6,114,216 to Yieh et aL, and 

35 PCT Application Nos. WO 99/39183 to Gupta et al., WO 00/07226 to Redinbo et aL, and are incorporated by 
reference as if fidly set forth herein. 

In an alternative embodiment, measurement device 238 may be disposed in a measurement chamber, as 
described with respect to and shown m Fig. 16. The measurement chamber may be coiq>led to deposition t ol 240, 
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as shown in Fig. 17. For exanqple, the measurement chamber may be disposed laterally or vertically proximate ne 
or more process chambers of deposition tool 240. For example, the depositi n tool may include a cluster of process 
chambers that may each be configured to perfonn substantially similar processes r different processes. In 
addition, the measurement chamber may disposed laterally or vertically proximate a load chamber of deposition 
S tool 240. A load chamber of a deposition tool may be configured to siq^port mult^le specimen such as a cassette of 
wafers that are to be processed in the deposition tool A robotic wafer handler may be configured to remove a 
specimen fiom flie load chamber prior to processing and to dispose a processed specimen into the load chamber. 
Ftolfaeimore, the measutement chaniber may be disposed in o&er locations proximate a deposition tool such as 
anywhere proximate the d^osition tool where &ere is sufficient apace for the system and anywhere a robotic wafer 

1 0 handler may fit such that a specimen may be moved between a process chamber and the system. 

hi this maiin^» a robotic wafer handler of deposition tool 240, stage 264, or another suitable mechanical 
device may be configured to move specimen 246 to and from the measurement chamber and process chambers of 
the deposition tool. In addition, die robotic wafer handler, tiie stage, or another suitable mechanical device may be 
configured to move specimen 246 between process chambers of die deposition tool and the measurement chamber. 

15 Measurement device 238 may be furdier coi^led to deposition tool 240 as further described with respect to Fig. 
17. 

Measurement device 238 may include first illumination system 244 configured to direct light having a 
known polarization state to specimen 246 sudi that a region of die spedmen may be illuminated prior to, during, or 
subsequent to a deposition process. A portion 249 of the light directed to specimen 246 by first illumination system 

20 244 inay propagate from die iUuminated region of die speciinen. In addition, die measurement device may include 
detection system 248 configured to analyze a polarization state of light 249 propagating from die surface of 
specimen 246 prior to, during, or subsequent to a dq)osition process. In diis manner, the measurement device may 
be configured to operate as a spectroscopic ellipsometer. 

In addition, measurement device 238 may include second illumination system 250 configured to direct 

25 light having a known polarization state to specimen 246 such that a region of the specimen may be illuminated 
during a deposition process. A portion 251 of the light directed to specimen 246 by second illumination system 
250 may propagate from die illuminated region of the specimen along a path of the directed light In addition, the 
measurement device may include detection system 252 configured to measure an intensity of the light propagating 
from the sur&ce of specimen 246 prior to, during, or subsequent to a deposition process. In diis manner, the 

30 ineasuiement device n:my also be configured to operate as a spectroscopic reflectometer. The measurement device, 
however, may also be configured to operate as a beam profile ellipsometer and a null ellipsometer. 

The relatively small sections of substantially optically transparent material 242 may be configured to 
transmit light from light source 254 of first illumination system 244 outside the process chamber to a sur&ce of 
specimen 246 within the process chamber and to transmit light propagating from die surface of the specimen to 

35 detector 256 outside the process chamber. In addition, relatively small sections of substantially optically 

transparent material 242 may be configured to transmit light from Hght source 258 of second illumination system 
250 outside the process chamber to a surface of specimen 246 within die process chamber and to transmit light 
propagating from the surface of the spedmen to detectors 260 and 262 outside die process chamber. The 
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substantially optically transparent material may have optical or material properties such that the light from light 
sources 254 and 258 and tiie light propagating from a sur£Eice of specimen 246 may pass through relatively small 
sections 242 disposed widiin process chamber wi&out undesirably altering the ptical properties of the directed and 
returned light In addition, &e substantially ptically transparent material may be configured to focus light from 
5 light sources 254 and 258 onto the surface of senoiconductor 246. In this manner, measurement device 238 may be 
coupled to stage 264 disposed within the process chamber. Stage 264 may be configured as described herein. 

Spectroscopic ell^sometry may include focusing an incidence beam of polarized li^t on a specimen and 
monitoring a change in polarization for at least a portion of fiie indd^ce beam reflected fiom Ae specimen across 
abroad spectram of wavelengths. £xanq>lesof spectroscopic ellipsoineters are ilhistrated in U.S.^ 

10 5,042,95 1 to Gold et aL, 5,412,473 to Rosencwaig et aL, 5,581,350 to Chen et aL, 5,596,406 to Rosencwaig et aL, 
5,596,41 1 to Fanton et al., 5,771,094 to Carter et al, 5,798,837 to Aspnes et aL, 5,877,859 to Aspnes et aL, 
5,889,593 to Bareket et aL, 5,900,939 to Aspnes et aL, 5,910,842 to Piwonka-Corie et aL, 5,917,594 to Norton, 
5»973,787 to Aspnes et aL, and 6,256,097 to Wagner and are incorporated by reference as if fully set forth herein. 
Additional exanqsles of spectroscopic devices are illustrated in PCT Application No. WO 99/02970 to Rosencwaig 

i 5 et aL and is incorporated by reference as if fiiUy set forth herein. 

Light source 254 may include any of &e hght sources as described herein, which may be configured to 
emit broadband Hght Illumination system 244 may include optical component 266 positioned along a path of &e 
emitted light Optical component 266 may be configured to alter a polarization state of the emitted light such diat 
light having a known polarization state such as lineariy or circularly polarized light may be directed to a sui&ce of 

20 specimen 246. In addition, illumination system 244 may also include an additional optical conqxment (not shown) 
configured to focus and duect light emitted fiom tight source 254 to the sur&ce of specimen 246. Detection system 
248 may also include optical con:q>onent 268 positioned along a path of the light propagating from tiie surface of 
the specimen. Optical component 268 may be configured to function as an analyzer of a sfpectroscopic 
ellipsometer. Detection system 248 may also include a dispersion element such as a spectrometer (not shown). The 

25 dispersion element may be configured to separate light propagating firom the surface of the specimen having 

different wavelengths. The separated components of the beam may be detected by individual elements of detector 
256, which may be configured to function as a detector array. The polarizer may be configured to rotate such that a 
time varying intensity may be detected by tiie elements of tiie detector array. Processor 270 may be configured to 
receive one or more output signals from detector 256 and may be configured to process the data. 

30 Output signab from detector 256 may be responsive to an mtensity of light at elemmts of the detector 

array. Processor 270 may be configured to convert the output signals to ellipsometric parameters, yf and Q by 
matiiematical equations known in the art as described above. Processor 270 may be configured to convert the 
ellipsometric paran:ieters, and □ , to a property of a layer being formed vcpcfn a sui&ce of specimen 246 using a 
mathematical, or optical, model as described herein. For exanq;)te, processor 270 inay be configured to detemtine a 

35 thickness, an index of refraction, and an extinction coefScient of a layer, a portion of a layer, or several layers on 

specimen 246 from the ellipsometric parameters by using an optical model. A tiiickness, an index of refraction, and 
an extinction coefficient may be commonly refeired to as ''tiiin fihn" characteristics f a layer. 
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Ahemattvely, processor 270 may be configured to determine a critical dimension of a feature on specimen 
246 from one or more ou^t signals from measurement device 238. For exanq}le, a critical dimension of a feature 
may include, but is not limited to, a lateral dimension such as a width, a vertical dimension such as a height, and a 
sidewall profile as described herein. In addition, processor 270 may be further configured to determine a thickness, 
5 an index or refraction, and/or an extinction coefGcient of a layer of the specimen, and a critical dimension of a 
feature on die specimen from one or more output signals from measurement device 238. For example, processor 
270 may be configured to con^iare one or more ou^ut signals finom the measurement device with one or more 
predetennined tables that may include expected aixtput signals versus wavelengfli fox different characteristics such 
as width, height, and sidewall profile. £3q>ectedoutpntsignalsversuswavelengfii for different characteristics of a . 
1 0 predetermined table may be determined, for exanq»le, experimentally with specimens of known characteristics 
and/or theoretically tiutough mathematical modeling. 

In additioii, processor 270 may be configured to compare one or more output signals from measurement 
device 238 wi& one or more predetermined tables ^t may include expected ou^ut signals versus wavelaigdi for 
different characteristics and interpolated data between the e^qpected ou^ut signals versus wavelength, 
i 5 Alternatively, processor 270 may be configured to p^orm an iteration using one or more starting guesses dnough 
(possibly approximate) equations to converge to a good fit for one or more output signals from tibe measurement 
device. Suitable equations may include, but are not limited to, any non-linear regression algori&m known in tiie 
art 

Jn an additional embodiment, &e system may further include a calibration el^psometer (not shown). The 

20 calibration ellipsometer may be configured to determine a thickness of a reference layer on a specimen. The 
thickness of tiie reference layer may then be measured using tiie spectroscopic ellq)sonieter of tiie measurement 
device as described herein. A phase of&etofthe thickness roeasurementsoftiie reference layer generated by tize 
calibration ellipsometer and tiie measurement device may be determined by processor 270. The processor may be 
configured to use the phase offset to determine additional layer thicknesses from measurements made by the 

25 measurement device. The calibration ellq>someter may also be coupled to tiie process chamber of the deposition 
tool. As such, the calibration ellipsometer may be used to reduce, and even eliminate, variations in measured 
ellipsometer parameters. For exan^le, measiurements of the ellipsometric parameter, Q may vary due to changing 
environmental conditions along one or more optical paths of the measurement device. Such a variation in tiie 
ellipsometric parameter, Q may alter tiiickness measurements of a layer on a specimen. Iberefore, a calibration 

30 ellipsometer may be used to reduce, and even ehminate, a drift in iMckness measurements of a layer on a specimen. 
Spectroscopic refiectometry may include focusing a broadband radiation beam on a specimen and 
measuring a reflectance spectrum and index of refi:action of tiie specimen from which a thickness of a layer may be 
determined. Bxample of spectroscopic reflectometers are illustrated in U.S. Patent Nos. 4,999,014 to Gold et aL, 
and 5,747,813 to Norton et aL and are incorporated by ref^c^ce as if fiiUy set forft h^in. Second itl^nniT^^tinm 

35 system 250 may include light source 258 such as xenon arc lamp. Light source 258 may also include any Hght 
source configured to emit broadband light, which may include visible and ultraviolet light Second illumination 
system 250 may also be coi:^led to beam splitter 259. Beam splitter 259 may be configured to direct light emitted 
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by light soTgce 258 to a surface of specimen 246 such that a substantially contintt us broadband spectrum of light 
may be directed to the sui&ce of specimen 246. 

The san^le beam may be focused onto a regi n of specimen 246, and at least a portion of the san^le 
beam reflected from the illuminated region may be passed through a spectrometer (not shown) f detection system 
S 252. In addition, detection system 252 may mclude a diffraction grating (not shown) configured to <^ 

passing flierethrough as it enters the spectrometer. M tiiis manner, a resulting first order dif&action beam may be 
collected by detector 260 or detector 262, which may include a linear photodiode array. Hie photodiode array, 
tiierefore, may measure a sample reflectance spectrum. A relative reflectance may be obtained by dividing the 
saxxq>le light intensity at each wavel^ig& by a relative reference intensity at each wavelengtiL A relative 
10 reflectance spectrum may be used to determine die thickness of one or more layers on the specimen. In addition, 
reflectance at a single wavelength and arefractive index of one or more layers may also be determined fiom the 
relative reflectance spectrum. 

Furdiennore, a model method by modal expansion (**MMME") model may be used to generate a library of 
various reflectance spectrums. As described herein, the MMME model is a rigorous dif&action model tiiat may be 
1 5 used to determine the meoretical dimacted light '"fingeiprinf ' team each grating in the parameter space. 
Alternative models may also be used to calculate tiie theoretical diffracted light such as a rigorous coi^ling 
waveguide analysis (*^CWA") model Hie measured r^ectance spectrum may be fitted to the libtary of various 
reflectance spectrums. 

Hie polarization state and the intensity of light propagating from a surface of specimen 246 may be altered 

20 during formation of a layer on specimen 246. For example, during a deposition process, such as chemical vapor 
deposition ("CVD") and low pressure chemical v^r deposition ("LPCVD") processes, a layer may be fonned on 
specimen 246 by introducing reactant gases such as sOane, chlorosilane, nitrogen and/or ammonia in the process 
chamber. The reactant gases may decon^ose and react at a heated sur&ce of a specimen to form a deposited layer 
of material. In this manner, a thickness of the layer being formed on a surface of specimen 246 may increase 

25 during the deposition process. 

As the thickness of the layer increases during the deposition process, the reflectivity of the surface of the 
layer may vary approximately sinusoidaUy widi variations in the thickness of die layer. Therefore, tiie intensity of 
die retumed light may vary depending on a thickness of tiie deposited layer. In addition, the intensity of the 
returned light may be approximately equal to the square of the field magnitode according to the equation: I, = 

30 |£r|^ Ir can also be expressed in terms of tiieell^sometric parameters, and □. For very thin layers, tan may 
be independent of tiiickness, and □ is linearly proportional to the thickness of the layer. In tins manner, one or 
more output signals responsive to the intensity of the light retumed from the specimen generated by the 
measurement device may be used to detemiine a tiiickness of the layer. 

In addition, thickness variations of a layer on a specimen may vary depending on, for cxamplQ, parameters 

35 of an instrument coupled to tiie deposition tooL Parameters of an instrument coupled to the deposition tool may 
determine the process conditions of a deposition process. For example, a deposition rate may be defined as a 
tiiickness of a layer fonned on a sur&oe of a specimen in a period of time. The deposition rate, tiierefore, may 
affect variations in the thickness of a layer on a spedmen during a deposition process. A deposition rate may be 
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substantially constant throughout a depositi n process. Alternatively, a deposition rate may vary throughout a 
deposition process. The deposition rate may vary depending on a number of parameters of one or more instnmients 
coupled to the deposition tool that may inchide, but are not limited to, tBn^>erature within the process chamber, 
temperature gradients in the process chamber, pressure within the process chamber, total flow rates of the reactant 
5 gases, reactant gas ratios, and a flow rate of one or more dopant gases. In this manner, intensity variations of light 
propagating from a sur&ce of the specimen may vary depending upon parameters of an instrument coiipled to the 
deposition tool Therefore, a processor coiq>ied to a n:iea5ur6mBnt device may be configured to determine a 
parameter of an instrument coi^led to a deposition tool fiom the measured intensity variations ofHie light 
propagating from a sur&ce of the specimen daring a deposition process. 

10 In an embodiment, a processor coupled to a measurement device, as shown in Fig. 23, may be coniGgured 

to detennine a pn^>erty of a layer formed on a specimen fiom detected light. The measurement device may be 
configured as described in above embodiments. The property of the formed layer may include, but is not limited 
to, a thickness, an index of redaction, an extinction coefEcien^ a critical dimension, or any combination thereof. 
Subsequent to a deposition process, the specimen may be polished such that an upper surface of the deposited 

IS material may be substantially planar. Subsequent to polishing, a layer of resist may be formed on the deposited 
layer and the layer of resist vaay be exposed to pattern the resist during a li&ography process. In this manner, 
selected regions of the deposited layer may e3q)osed, and at least a portion of &e selected regions may be removed 
m an etch process. A conductive material such as aluminum or copper may be deposited m the etched portions of 
the deposited layer and on an upper surface of die deposited layer, for exan:^>le, by a physical vq)or deposition 

20 process. Ihespecimennuybepolishedsuchthatanuppersur£u:eof the specimen ixiay be substantiaUypl^^ In 
this manner, a number of semiconductor features such as interlevel contact structures may be formed on the 
specimen. 

The properties of the semiconductor features formed on the specimen may vary depending upon, for 
example, properties of the deposited layer and the conductive material and process conditions of the deposition, 
25 polishing, lithography, etch, and physical vapor deposition processes. As such, properties of semiconductor 

features on a specimen may be determined using the detemsined properties of the deposited layer. In addition, a 
processor coiq)led to the measurement device may also be conJ&gured to determine a presence of defects such as 
foreign material on the deposited layer prior to, during, or subsequent to the deposition process from the detected 
light 

30 In an additional embodiment processor 270, as shown in Fig. 23, may be coiq;)led to measurement device 

238 and deposition tool 240. The processor may be configured to interface with the measurement device and the 
deposition tool. For exaniple, the processor may receive one or more signals from d:ie deposition tool during a 
deposition process. The signals may be representative of a parameter of one or more instruments coi^led to the 
deposition tool Hie processor may also be configured to receive one or more signals fi"om the measurement 

35 device. Signals from the measurement device may be representative of the detected light from detector 256, 260, 
and 262 as described hereiiL In an additional embodiment, measurement device 238 may be configured, as 
described herein, to measure variations in tiie intensity of Ught propagating fixmi the specimen during a deposition 
process. For «canq>le, noeasurement device 238 may be configured to measure the intensity of light propagating 
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&om &e specimen substantially continuously or at predetemimed time intervals during a deposition process. The 
processor may, ^erefore, be configured toimonitor variations in output signals firom the measurement device during 
a deposition process. In this maimer, the processor may be configured to determine a relationsh^) between the 
monitored variations and/or the ou^ut signals fiom the measurement device and ou^ut signals from tiie deposition 
tool responsive to a parameter of one or more instruments coupled to the deposition tool As such, the processor 
may be configured to. alter a parameter of one or more instruments coi9>Ied to the deposition tool using tiie 
detennmedrelationslup. In addition, tiie processor nay be configured to detennine a parainet^ of one or more 
instraments using the detemuned relationsh^ and one or more ou^t signals fiom die measurement device. 

Additionally, tiie processor may be further configured to control tiie measurement device and the 
d^osition tooL For exan:q)le, tiie processor may be configured to alter a parameter of an instrument coiqpled to the 
deposition tool in response to tiie detected light In this manner, tiie processormay be configured to alter a 
parameter of an instrument coupled to the deposition tool using an in situ control technique. In addition, the 
processor may be configured to alter a parameter of an instrument coupled to tiie measurement device in response 
to the detected light For exan^le, the processing device may be configured to alter a sampling fiequeacy of tiie 
mea^urcincut device in response to me dciectsd iight 

By anal3^zing variations in ou^ut signals fiom the measurement device during a deposition process, 
processor 270 may also generate a signature, which may be representative of tiie formation of a layer on specimen 
246. The signature may include at least one singularity that may be characteristic of an endpoint of tiie deposition 
process. For example, an qipropriate endpoint for a deposition process may be a predetermined thickness of a layer 
on the specimen. A predetermined thickness of a layer on tiie specimen may be larger or smaller depending xxpon^ 
for exanq)le, tiie semiconductor device febricated by the deposition process. After the processor has detected the 
singularit/ of the signature, tiie processor may be configured to reduce, and even terminate, deposition of the layer 
on the specimen by altering a parameter of an instrument coupled to the deposition tool. 

In an embodiment, processor 270 may be configured to use one or more output signals fiom measurement 
device 238 to determine a parameter of one or more instruments coupled to deposition tool 240 for deposition of 
layers on additional specimens. For exan^le, a thickness of a layer on a specimen may be determined using one or 
more output signals fiom measurement device 238. The tiiickness of the layer on the specimen may be greater than 
a predetemiined thickness. Therefore, before processing additional specimens, a flow rate of a reactant gas or 
anotiier parameter of one or more instruments coupled to the deposition tool may be altered. In this 
thickness of layers formed on tiie additional specimens may be closer to the predetermined thickness tf^aw the 
measured layer. For exan^l^ the flow rate of tiie reactant gas used in tiie deposition process may be decreased to 
deposit a tiiixmer the layer on the additional specimens. In this manner, the processor may be used to alter a 
parameter of one or more instxuments coupled to a deposition tool in response to one or more output signals of tiie 
measurement device using a feedback control technique. 

In an additional embodiment, processor 270 may be configured to determine a parameter of one or more 
instruments coi^led to a process tool, configured to perform additional semiconductor fabrication processes, using 
one or more output signals fiom measurement device 238. The additional semiconductor fabrication processes may 
be performed subsequent to a deposition process. Additional semiconductor fabrication processes performed 
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subsequent to a deposition process may include, but axe not limited to, a chemical-mechanical polishing process 
configured to planarize a deposited layer on the specimen. For Gxamplty a Mckness f a layer deposited on a 
specimen d^irfng a deposition process may be detemiined using one or more output signals from the measurement 
device. The determined tiiickness of tbie deposited layer may be greater than a predetemiined thickness for the 
5 layer. 

Process conditions of a subsequent polishing process, however, may be optimized for the predetemodned 
ducknessof&e deposited lay^ on 1heq[>ecimen. Thesefoxe, before polishing fte deposited hyer, a panunetec of 
one or more instruments coupled to a polishing tool such as process time or pressure applied to a back side of &e 
specimen niay be altered such that an t^ipersui^u^eof^ deposited kyer may be For example, a 

10 process time may be increased to ensure substantially conylete planarization of the deposited layer. Li this manner, 
the processor may be configured to alter a parameter of an instrument coupled to a chemical mechanical polishmg 
tool in response to one or more ou^ut signals from the measurement device using a feedforward control technique. 
In addition, the processor and the measurement device may be further configured according to any of the 
embodiments described herein. For example, a processor coupled to &e measurement device may also be 

1 5 configured to detect defects on the specimen, a thickness of a deposited material, a sheet resistivity of a deposited 
material, a.diermal diffusivity of a deposited material, or any combination thereof during the deposition process 
using one or more output signals fimm die measurement device. 

In an embodiment; a method for detemuning a characteristic of a specimen durii^ a dqtosition process 
may inchide disposing tiie specimen \spon a st^e. The stage may be disposed within a process chamber of a 

20 deposition tool, as shown in Fig. 23. The stage may also be configured to support the specimen during a deposition 
process. The measurement device may be coiq>led to the d^osition tool, as shown in Fig. 23. As such, tiie stage 
may be coi^led to a measurement device. In addition, tiie measurement device may be configured as described in 
above embodiments. The method may include directing light to a surface of the specimen. The dhected light may 
have a known polarization state. The directed light may strike the surface of tiie specimexL A layer may be formed 

25 on the sur&ce of the specimen during the deposition process. 

In addition, the metiiod may include detecting light propagating firom the surface of the specimen during 
tiie deposition process. The method may also include generating one or more ou^ut signals responsive to an 
intensity and/or a polarization state of tiie detected ligjit The intensity and/or polarization state of the detected light 
may vary depending on, for exan^le, one or more characteristics of a layer formed on the specimen. Therefore, 

30 such one or more output signals may be used to determine one or rnore characteristics of tiie formed kyer^ Inthis 
manner, the method may inchide determining one or more characteristics of a layer being formed on a specimen. 
Furthermore, tiie method may include determining one or more diaracteristics of more tiian one layer being formed • 
on tiie specimen. The one or more characteristics may include, but are not limited to, a thickness, an index of 
refiaction, an extinction coefScient of one or more layers on tiie specimen, a critical dimension of a feature on the 

35 specimen, a presence of defects on the specimen, or any combination tiiereof. 

In additional embodiments, the method for determining a characteristic of a layer on a specimen during a 
dq)Osition process may include steps of any metiiods as desmbed herein. For example, the metiiod may include 
altering a paramet^ of an instrument coupled to the dq>osition tool in response to one or more ou^ut signals 
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responsive to an intensity and/or a polaiization state f &e detected light. In this manner, the mefhod may include 
altering a parameter of an instnnnent coupled to tiie deposition tool using a feedback control technique, an in situ 
control technique, r a feedforward control technique. In addition, tiiie method may include ahering a parameter of 
an instrument coupled to the measurement device in response to tilie one or more u^ut signals. For exan^le, tibe 
5 me&od may include altering a sanq>ling fiequency of the measurement device in response to &e one or more 
output signals. Fur&ermore, die method may include obtaining a sig^iature characterizing dep^ 
the specimen. The signature may inchide at least one smgulaiity representative of an enc^int of the deposition 
process. For exaixq>le, an appropriate enc^int for an deposition process may be a predetermined thickness of a 
lay» formed on ^^spechnen. In addition, the predetemrined thickness may be larger or smaller depending upon, . 

10 for exan^lcj^e semiconductor device feature fihricated by die dq)osition process. Subsequent to obtaining &e 
smgularity representative of die end^oint; die method may include altering a parameter of an instroment coi^led to 
die deposition tool to reduce^ and even terminate, the deposition process. 

In an embodiment, a computer-implemented mefliod may be used to control a system configured to 
determine a characteristic of a layer during a deposition process. The system may include a measurement device 

1 5 coupled to an deposition tool, as described herein. The method may include controlling the measurement device. 
Controlling the measurement device may include controlling a light source to direct hght to a surface of the 
specimen such that the directed light may strike die surface of die specimen. The directed ligjit may have a known 
polarization state. In addition, controlling the measurement device may include controlling a detector to detect 
light propagating from the sur&ce of the spechnen during die deposition process. Furdiermore, die mediod may 

20 inchde processing die detected Hght to detemme an intensity or a polarizati^ For 

exanq)le, die method may include processing the detected H^t may include generating one or more ou^ut signals 
responsive to the detected light Hie mefhod may furdier include detennining one or more characteristics of a layer 
being formed on the specimen using die one or more oxApat signals. Hie one or more characteristics may include a 
thickness, an index of refraction, and an extinction coefficient of die layer on the specimen, a critical dimension of 

25 a feature on the specimen, a presence of defects on the specimen, or any combination thereof. 

In additional embodiments, the conq)uter-implemented mediod for controlling a system to determine a 
characteristic of a layer being formed on a specimen during a deposition process may include steps of any of the 
methods as described herein. For exan^le, the method may include controlling an instrument coupled to the 
deposition tool to alter a parameter of the instrument in response to the one or more output signals. Controlling an 

30 instnnnent coupled to the deposition tool may include using a feedback control technique, an in situ control 

technique, and/or a feedforward control technique. In addition, die mediod may include controlling an instrument 
coiq)led to die measurement device to alter a parameter of the mstrument in response to the one or more ou^ut 
signals. For exanq>le, the mediod may include controlling an instrument coupled to the measurement device to 
alter a sanq>ling frequency of the measurement device in response to the one or more ou^iut sigpals. 

35 In an additional example, the conqniter-in^lemented method may include controlling die measurement 

device to obtain a signature characterizing deposition of a layer on the specimen. The signature may include at 
least one singularity representative of an endpoint of the deposition process. For exanq)le, an appropriate endpoint 
for a deposition process may be a predeteimined thickness of a layer deposited on the specimen Subsequent to 
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obtaining i3a& singularity representative of the endpoint, die me&od may include controlling a patameter f an 
instrument coupled to fhs deposition tool to alter the parameter f die instrument to reduce, and even temiinate, 
deposition of the layer on the specimen. 

An additi nal embodiment relates to a method for &biicating a semiconductor device. Tb» method may 
5 inchde disposing a specimen such as a wafisr upon a stage. The stage inay be disposed wiOiin a process chaxnber of 
a deposition tool Ihe stage may be configured to siqyportlheq>ecimen during a dq)^ A 
measuiemeot device xnay also be coupled to the process chamber of the deposit In diis manner, the stage 
may be coi^led to the measurement device. Themebodmayfiirdierinchdefoixning a portion of a semiconductor 
device upon the specunen. For exan^le^ forming a portion of a semiconductor device may include deposxtiQg a 

10 layer ofmaterial on the specimen. Dq)ositmg die layer on die specinien may indudefomnng 

material over a specimen having a phirality of dies. The plurality of dies may include repeatable pattern features. 
For example, the deposited layer may be used to electrically isolate proximate or adjacent features of a 
semiconductor device that may be formed on the specimen. 

The method for fabricating a semiconductor device may also include directing light toward a sui&ce of the 

15 specimsn. The directed light may have a knowupolareatioas'^^^ Tac method may also include detecting Hght 
propagating from the surface of die specimen during die deposition process. In addition, the mediod may include 
detenmoing an intensity and/or a polarization state oflfae detected light Ihe intensity and/or the polarization state 
of die detected light may vary depending upon, for exan^le, one or more diaractezistics of a layer formed on die 
specimen. The method may also include generating one or moie output signak responsive to an inte^ 

20 polarization state of the detected light Indusmanner,themediodmay includedetenniningac^aiacteristicof a 
layer deposited on the specimen using the one or more output signals. The characteristic may include a diickness, 
an index of refraction, and an extinction coefGcient of die layer on the specimen, a critical dimension of a feature 
on the specimen, or any combination thereof 

In additional embodiments, die method for fabricating a semiconductor device may include steps of any of 

25 the methods as described herein. For example, the mediod may include altering a parameter of an instrument 

coiq)led to the dq)Osition tool in response to the one or more ou^ut signals. Alteiing a parameter of an instrament 
coupled to the deposition tool may mclude using a feedback control technique, an in situ control technique, and/or a 
feedforward control technique. In addition, the method may include altering a parameter of an instrament coupled 
to the measurement device in response to die one or more output signals. For exanq)le, die mediod may inchtde 

30 altering a sampling frequency of the measurement device in response to the one or more ou^iut signals. 

Furdiermore, die method may include obtainhig a signature characterizing deposition of a layer on die specimen. 
The signature may include at least one singularity representative of an endpoint of the deposition process. For 
example, an appropriate endpoint for a deposition process may be a predeteimined tiiickness of a layer deposited on 
the specimen. Subsequent to obtaining the singularity representative of the enc^oint, die method may include 

35 altering a parameter of an instrument coupled to the deposition tool to reduce, and even terminate, the deposition 
process. 

Fig. 24 illustrates an embodinientofa system configured to evaluate an etdiproc^ Inaneoibodiment, a 
system configured to evaluate an etch process may mclude measurement device 272 coiq)led to process chamber 
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274 of an etch tool. Measurement device 272 may be coupled to process chamber 274 such that the measurement 
device may be external to the process chamber. As such, eitposure of the measurement device to chemical and 
physical conditions within the process chamber may be reduced, and even eliminated. Furthermore, die 
noeasurement device may b e externally coupled to the process chamber snch that fte measurement device may not 
S alter fte operation, pezfoxmance, or contxol of fte etch process. For exanqple, a process chamber may mdude cme 
or more relatively small sections of a substantial]^ optically transparent material 276 disposed within walls of 
process chamber 274. The configuration of process chamber 274, however, may determme an appropriate mefliod 
to coi^le measurement device 272 to the process chamber. For exanople, the placement and dimensions of 
substantially optically transparent material sections 276 wifinn walls of ^ process chamber may vary depending . 

10 on, for example, the configuration of die conqwnents wifliin the process chanober. 

In an alternative enibodiment, measurement device 272 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. Hie measurement chamber may be coupled to process chamber 
274 of an etch tool, as shown in Fig. 17. For example, the measurement chamber may be disposed laterally or 
vertically proximate one or more process chambers of an etch tool. In this manner, a robotic wafer handler of an 

15 etch tool, s^ge 280, or another suitable mechanical device may be configurcu to move bpccimen 278 to and uom 
&e measurement cbaniber and process chambers of die etch tool. In addition, the robotic wafer handler, the stage, 
or another suitable mechanical device may be configured to move specimen 278 between process chanabers of the 
etch tool and the measurement chamber. Measurement device 272 may be further coiq>led to process diamber 272 
as fiirdier described with respect to Fig. 17. 

20 Exanqjles of etch tools are illustrated mU.S. Patent Nos. 4,842,683 to Cheng et al., 5,215,619 to Cheng et 

aL, 5,614,060 to Hanawa, 5,770,099 to Rice et aL, 5,882,165 to Maydan et a!., 5,849,136 to Mintz et aL, 5,910,01 1 
to Cruse, 5,926,690 to Toprac et al., 5,976,310 to Levy, 6,072,147 to Koshiishi et aL, 6,074,518 to Imafuku et aL, 
6,083,363 to Ashtiani et al., and 6,089,181 to Suemasa et aL, 6,1 10,287 to Arai et al., and are incorporated by 
reference as if fully set forth herein. An additional exan^Ie of a measurement device couple to an etch tool is 

25 illustrated in PCX Application No. WO 99/54926 to Grimbergen et al., and is incorporated by reference as if fully 
set fordi herem. in WO 99/54926, a measurement device coupled to an etch tool is described as a ""reflectance 
diickness measuring machine,*' which is substantially different than a measurement device as described herein. An 
exanq>le of an s^aratus for estimating voltage on a wafer located in a process chamber is illustrated in European 
Patent Application No. BP 1 072 894 A2 to Loewenhardt et al., and is incorporated by reference as if fully set forth 

30 h^Lein. 

Measurement device 272 may be configured to direct an incident beam of light having a known 
polarization state to specimen 278 such that a region of the specimen may be illuminated prior to, during, or 
subsequent to an etch process. In addition, the measurement device may be configured to analyze a polarization 
state of the light returned fiom the illuminated region of the specimen prior to, during, or subsequent to an etch 
35 process. For example, the measurement device may include a beam profile ellipsometer. Additionally, however, 
measurement device 272 may include a spectroscopic beam profile ellipsometer, a null ellipsometer, and/or a 
spectroscopic ellipsometer. Furdiermore, measurement device 272 may be configured as a scatterometer as 
described heroin. 
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The xelatiyely small sections of traospaient material 276 may transmit an incident beam of light from a 
light somce outside the process chamber to a specimen witiiin the process chaniber and a letumed light beam from 
specimen 278 to a detector outside &e process chamber. Hie optically transparent material may have optical or 
material properties such that the incident beam f light and the returned light beam may pass through die relatively 
S small sections of transparent material ^&out substantially undesirably altering the optical properties of the incident 
and returned light beams. In this manner, measuienient device 272 may be coupled to stage 280 disposed within 
&e process chamber and configured to support flie specimen 278. 

Measurement device 272 may include light source 282 configured to generate an incident beam of light 
Light source 282 may inchide, for example, a laser configured to emit light having a known polarization state sucb . 

10 as a gas laser or a solid state laser diode. Suchlaserstypicallymayemitligihthavingasingle wavelengdiof 633 
nm and 670 nm, respectively. Measurement device 272 may also inchide polarization section 284 which may 
include, but is not limited to, a linear or circular polarizer or a birefringent quarter wave plate conq>ensator. The 
polarization section may be configured to convert linear polarized light into circularly polarized light In this 
manner, an incident beam of Ught having a known polarization state may be directed toward the specimen. In 

1 5 additioii, measurcmejii device 272 may include beam splitter 286 configured to direct at least a portion of the 

incident beam of light to an upper surface of specimen 278. Beam splitter 286 may also be configured to direct the 
incident beam tixrough high immerical aperture CNA'*) lens 288. In tiiis manner, measurement device 272 may be 
configured to direct the incident beam of light to specimen 278 at a nmnber of angles of incidence. For exanq>le, 
highNA 1^ 288 may have a numerical q>erture of approximately 0.9. Tbe numerical ^erture of the lens may be 

20 larger or smaller, however, depending on, for exan^le, die immber of angles of incidence required In addition, 
high NA lens 288 may be configured to focus the incident beam to a very small spot size on the v^er surface of 
specimen 278. In this manner, the incident beam may be directed at a number of angles of incidence to a single 
feature or region on the specimen. Beam splitter 286 may also be configured to transmit a portion of the incident 
beam light such that the transmitted portion of the incident beam of light may be configured to strike detector 283. 

25 Detector 283 may be configured to monitor fluctuations in the output power of light source 282. 

Light returned from the surface of specimen 278 may pass back toough high NA lens 288 and beam 
splitter 286 to polarizer 290. Polarizer 290 may include, for exanq)le, a rotating polarizmg filter. Hie measurement 
device may also include detector 292 configured to measure an intensity of the returned light at a number of angles 
of incidence. For exanc^le, detector 292 may include a diode array that may be radially positicmed in a two- 

30 dimensional array such that the intensity of returned l^t may be measured at a number of angles of incidence. 

hi an alternative erhbodiment, light returned from the specimen may pass dirough quarter-wave plate 294. 
The quarter-wave plate may be configured to retard the phase of one of the polarization states of the returned tight 
by about 90 degrees. In such a measurement device, polarizer 290 may be configured to cause the two polarization 
states to interfere. Detector 292 for such a measurement device may include a quad-cell detector having four 

35 quadrants. Each quadrant of die detector may be configured to generate one or more output signals approximately 
proportional to the magnitude of the power of the returned light striking the quadrant of the detector. Each signal 
may represent an integration of the intensities of die returned light at different angles of incidence. Such a quad- 
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ceU detector nny also be configured to operate as a &Upow rmore ii4)ut signals fiK>m all of 

die quadrants is summed. 

In each of the embodiments described ab ve, processor 296 may be configured to deteimine a diickness, 
an index of re&acti n, an extinction coefGcient of fht specimen and/or a critical dimension of a feature on the 
5 specizoen from one or more output signals of detector 292. For exanq)le, processor 296 may determine a thickness 
of a layer or a feature on specimen 278 or a thickness of a feature such as an isolation structure formed in specimen 
278 from one or more ou^ut signals of detector 292. 

In an additional alternative embodiment; light source 282 may be configured to generate broadband light 
having a knoi^ polarization state. An appropriate light source may include a polychromatic Ught source such as a . 
10 tungsten halogen lamp. For such a configuratUmofthenieasuremait device, light returned fiDom die specim^ 
be passed dm)ugh a filter (not shown). The filter may be configured to pass light through two quadrants of the 
filter and to block Ught through two odier quadrants of the filter. As such, light passed through the filter may have 
an eUipsometiic signal, (5, of only one sign, for example, positive. After passing through the filter, the returned 
light may pass through a spatial filter (not shown) having a small aperture. The spatial filter may be configured to 
15 limit ^e wavelength of light diat may be directed to detector 292. As such, the widdi of the aperture of the spatial 
filter may be larger or smaller depending on, for example, the desired wavelength resolution. 

The measurement device may also include a grating (not shown) configured to focus the returned light 
such diat light from all angles of incidence may be combined and to angularly disperse die returned l^|it as a 
function of wavelength. The grating may mclude a curved grating and a curved mirror, a lens and a separate phmar 
20 grating, or a prisuL Detector292may include an array of a plurality of individual detector elements. Indiis 

manner, die detector may be configured to measure an intensity of retnmed light over a narrow wavelength reghne 
and a number of angle of incidences. As sudi, the spatial filter, the grating, and the detector may have a 
configuration substantially similar to a cooventional spectrophotometer. 

The measurement device may be further configured to perform a second measurement of light returned 
25 from the surface of the specimen. In this measurement, light passed through the filter may have an ellipsometric 
signal, 3, opposite to the sign of the light passed dirough the filter for the first measurement (i.e., negative). In die 
additional embodiments described above, processor 296 may also be configured to deteimine a thickness, an index 
of refiaction, an extinction coefficient of the specimen, and/or a critical dimension of a feature on the specimen 
fiom one or more output signals of the detector. For example, die processor may be configured to determine a 
30 thickness of a layer on specimen 278 or a feature such as an isolation stmcture formed in specimen 278 fiom the 
one or more output signals of die detector. Exa^^)les of beam profile ellrpsometers are illustrated in U.S. Patent 
Nos. 5,042,951 to Gold et al., 5,181,080 to Fanton et aL, 5,596,411 to Fanton et aL, 5,798,837 to Aspnes et al., and 
5,900,939 to Aspnes et al., and are incorporated by reference as if fiilly set fordi herein. 

In an additional ernbodiment, the system may furdier include a cahlsration elHpsometer (not shown). The 
35 calibration ellipsometer may be configured to determine a thickness of a reference layer on a specimen. The 
thickness of the reference layer may be measured using die measurement device as described herein. A phase 
offset of the duckness measurements of the reference layer generated by the calibration ellipsometer and the 
measurement device may be determined by processor 296. The processor may be configured to use die phase 
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of&et to detennine additional layer thicknesses from measurements made by &e measurement device. Hie 
calibration ell^someter may also be co\q)led to process chamber 274 of the etch tooL As such, the calibration 
ellq)someter may be used to reduce, and even eliminate, variations in measured ellq)Someter parameters. For 
example, measurements of the ellipsometdc parameter, Q may vazy due to changing environmental conditions 
5 along one or more optical pa&s of the measurement device. Such a variation in the ell^sometric parameter, Q may 
alter Oickness measurements of a layer on a specimen. Therefore, a calibration ellipsometer may be used to 
reduce, and even eliminatB, a drift in thickness measurements of a layer on a specimen. 

The polarization state of light retumed from a specimen may be altered during etching of the specimen. 
For example, during an etch process such as a reactive ion etcb Q'BSE**) or a plasma etch process, a selectively 

1 0 exposed layer on Ihe specimen may be removed by chemical reactions involving chemical reactive species of 

plasma 298 and a sur&ce of specimen 278 and ionic species of plasma 298 striking tiie surfiice of specimen 278. In 
this manner, a thickness of the selectively exposed layer may be removed during the etch process. As the thickness 
of the layer is reduced during the etch process, the reflectivity of the layer may vary approximately sinusoidally 
widi variations in the thickness of die layer. Therefore, the intensity of tiie retumed light may vary depending on a 

1 5 thickness of the seiectiveiy exposed layer. In addition, the intensity of the retumed light may be approximately 
equal to the square of the field magnitude according to the eqiiation: = | i^j? ^ expressed in 

terms of the ellipsometric parameters, IF and S, For very thin layers, tan Fmay be independent of thickness, and S 
may be approximately linearly proportional to die diickness of the layer. In this manner, output signals from the 
measurement device responsive to the intensity of tiie Hght retumed from the specimen may be used to determine a 

20 thickness of the layer. 

An etch rate may be defined as a thickness of a layer on a specimen that may be removed in a period of 
time. The etch rate, therefore, may detemune the variations m die diickness of a layer on a specimen during an etch 
process. An etch rate may be substantially constant du»ughout an etch process. Alternatively, an etch rate may 
vary throughout an etch process. For exan^le, an etch rate may decrease exponentially throughout an etch process. 

25 The etch rate may be determined by a number of parameters of one or more instruments coiq>led to the etch tool 
For example, one parameter may include a flow rate of etchant gases from gas source 300 to process chamber 274 
of the etch tool. The flow rate may vary depending upon, for example, a parameter such as a position or a setting 
of an instrument such as valve 301. in addition, such parameters may also include radio frequency power values, 
which may be determined by instruments such as power supplies 302 and 304 coupled to process chamber 274. An 

30 additional parameter may include a pressure within ^e process chaniber and may be determined by instrument 306, 
which may be configured as a pressure gauge. 

Such parameters may affect thickness variations of a layer on a specimen during an etch process. For 
example, as pressure decreases in a process chaniber, a thickness of a layer on a specimen may be removed at an 
increased rate during the etch process. In this manner, an intensity of a returned sample beam may vary depending 

3S \xpon a parameter of one or more instruments coupled to the process chamber of the etch tool. Therefore, processor 
296 coupled to measurement device 272 may be configured to determine a parameter of an instmment coupled to 
process chamber 274 of the etch tool from the measured intensity of the retumed sanc^le beam during an etch 
process. 
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Iq an embodiment, processor 296 coupled to measmement device 272 may be configured to receive one or 
more output signals from detector 292. In addition. Hie processor may be configured to detennxne a property of an 
etched region of specimen 278 from the one or more ou^ut signals. Measurement device 272 may be configured 
as described herein. F r example, measurement device 272 may be configured as a beam profile ellipsometer, a 
5 spectroscopic beam profile elli^ometer, a null ellipsometer, a spectroscopic ellipsometer and/or a scatterometer as 
described herein. Therefore, property of the etched region may include, but is not limited to, a thickness, an index 
of refraction, an extinction coefQcien^ a critical dimension of a feature on the specunen, or any combination 
Ihoeof. Hiicknessy index of refraction, and/or extinction coefficient may be commonly referred to as 'ihin fihn" 
characteristics. 

1 0 Subsequent to an etch process, a specnnen may be str^yped to remove residual masking material from the 

specimen. In addition, a material such as a coiiductive material may be deposited iq)onti^^ The 
specimen may also be polished such diat an upper surface of the specimen may be substantially planar. In this 
manner, a number of semiconductor features such as interlevel contact structures may be formed on the specimen. 
The properties of the semiconductor features formed on the specimen may vary depending on, for example, one or 

i 5 more properties of the etched region and process conditions of the striping, deposition, and polishing processes. 
As such, properties of a semiconductor feature on specimen 278 may be determined using &e determined 
properties of the etched region. In addition, processor 296 coupled to measurement device 272 may also be 
configured to determine a presence of defects such as foreign material on the specimen, prior to, during, or 
subsequent to the etch process from one or more output signals from detector 292. 

20 In an additional embodiment, processor 296 may be coupled to measurement device 272 and process 

chamber 274 of an etch tool. Processor 296 may be configured to inter&ce with measurement device 272 and 
process chamber 274. For example, processor 296 may receive one or more output signals fixnn a device coiq)led 
to process chamber 274 during an etch process. Such one or more ou4>ut signals may be responsive to a paramet^ 
of an instrument coupled to the process chamber such as pressure gauge 306. Processor 296 may also be 

25 configured to receive one or more ou^ut signals from detector 292 as described herein. 

In an additional embodiment, &e measurement device may be configured, as described above, to measure 
variations in die intensity of light returned from the specimen during an etch process. For example, Hxt 
measurement device may be configured to measure the intensity of light returned from the specimen substantially 
continuously or at predetennined time intervals during an etch process. The processor may, titerefoze, receive 

30 output signals responsive of tiie intensity of light returned ftoxn. the specimen from the measurement device and 
may monitor variations in ike ou^ut signals during an etch process. In addition, processor 296 may be configured 
to determine a relationship between the output signals from measurement device 272 and a parameter of one or 
more instruments coiq>led to process chamber 274. As such, processor 296 may be configured to alter a parameter 
of one or more instruments coupled to process chamber 274 in response to the determined relationshq). In addition, 

35 the processor may be configured to determine a parameter of tiie instrument using tiie relationship and one or more 
ou^ut signals from &e measurement device. 

Additionally, processor 296 may be finther configured to control measurement device 272 and etch tool 
274. For example, the processor may be configured to alter a parameter of an instrument coupled to tiie etch tool in 
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response to neormoie utput signals from the measurement device. Thepzocessormaybec nfigured to alter a 
parameter f an instrument coi^^led to &e etch tool using a feedback control technique, an in situ control technique, 
and/or a feedforward control technique. In addition, the processor may be configured to alter a parameter f an 
instrument coupled to the measurement device in response to one or more output signals from fhs measurement 
device. For example, the processor may be configured to alter a saiopling frequency of the measurement device in 
response to the ou^nit signals from the measurement device, as described herein. 

By analyzing variations in output signals from die measuxement device duxing an etch process, &e 
processor niay also generate a signature that may be responsive to the etch process. The signature may include at 
least one smgulaiity that may be chazactraisticofanenc^omtoftheet^ process. For exaxnple, anmdpointforan . 
etch process may be a predetermined fliidmess of a layer on the specimen. A predetermined tiuckness of a layer on 
the specimen may be larger or smaller depending iqxm, for e3canq}le, a semicondnctor device being fr^bxicated on 
the specimen. In addition, an en^oint for an etch process may be approximately con^lete removal of a layer on a 
specimeiL Such an end^int may correspond to etching ^ough substantially an entire thickness of a layer such 
that an underlying layer of material may be e:q)0sed for subsequent processing. After the processor has detected 
the singularity of the signature, die processor may reduce, and even terminate, etching of the specimen by altering a 
parameter of an mstrument coi^led to the etch tool A method for detecting an enc^omt of an etch process is 
illustrated in PCT Application Nos. WO 00/03421 to Sui et aL and WO 00/60657 to Grimbergen et aL, and is 
mcoiporated by reference as if fully set forth herein. 

In an einbodiment, ttie processor may be configured to determine a parameter of one or more instruments 
cotq)led to the etch tool for subsequent etch processes of additional spechnens using one or more ou^nit signals 
from the measuxement device. For exairqple, a thickness of a layer on die specimen may be determined usmg one or 
more output signals from the measurement device. The thickness of the layer on ftiG specimen may be, for 
example, greater than a predetermined diickness. The predetermined tiiickness may vary dependtag on, for 
example, a feature of a semiconductor device, which may be fabricated during the etch process. Before processing 
additional specimens, a radio frequency power or another parameter of one or more instruments coupled to the etch 
tool may be altered. For example, the radio frequency power of die etch process may be iucreased to etch a greater 
thickness of a layer on additional specimens. In this manner, a thickness of a layer on additional specimens etched 
by the etch process may be closer to die predetermined thickness tiian tiie layer measured on die specimexL in diis 
manner, the processor may be configured to alter a parameter of one or more instruments coiq)led to an etch tool in 
response to output signals from the measurement device using a feedback control technique. 

In an additional erhbodiment, the processor may be configured to determine process conditions of 
additional semiconductor fabrication processes using one or more ou^ut signals from the measuxement device. 
The additional semiconductor fabrication processes may be performed subsequent to an etch process. Additional 
semiconductor fabrication processes performed subsequent to the etch process may include, but are not limited to, a 
process to strip a masking material on die specimen. Typically, a masking material may be patterned on a specimen 
using a Hthography process such diat regions of the specimen may be exposed during subsequent processing. At 
least a portion of the exposed regions of the specimen may be removed during a subsequent etch process. 
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Masking material remaining on fht specimen after the etch process may be removed by a stripping 
process. A thickness of a masking material on a specimen during or subsequent to an etch process may be 
determined using one or more output signals from &e measurement device. The determined thickness f die 
magVfng material on the specimen subsequent to an etch process may be, for exan^le, greater than a predetemuned 
5 diickness. Current pnicess conditions of a strippirig process, however, iriay be optimized for the predetern^ 
thickness of the maslring material on the specimea Therefore, before stripping the maskins material, a process 
condition of the stripping process such as process time or process temperatuxe may be altered such that substantially 
&e entire majtVing material may be removed by &.e stopping process. For exaiiq)le, a process time of &e strqiping 
process may be increased soch diat sq^proximalBly an entire diickaess of the masking material may be removed 
10 from the specimen. In &is manner, the processor may be configured to dter a parameter of an instnmientco^^ 
to a stripping tool in response to one or more ou4)i[t signals from the measurement device using a feedforward 
control technique. In addition, the processor may be frirdier configured according to any of &e embodiments 
desmbed herein. 

In an embodiment, a method for determining a characteristic of a specimen during an etch process may 

1 5 include disposing specimen 278 upon stage 280. Stage 280 may be disposed within process chamber 274 of an 
etch tool The stage may be configured to support the specimen during an etch process. Measurement device 272 
may be coupled to process chamber 274 of die etch tool as described herein. As such, stage 280 may be coupled to 
measurement device 272. In addition, measurement device 272 may be configured as described herein. The 
method may include directing an incident beam of li^ to a region of the specimea Hie incident beam of light 

20 may have a known polarization state. The dkected incident beam of light may illuminate the region of the 

specimen at multq>le angles of incidence during the etch process. The ilhuninated region of the specunen may be 
an exposed region of the specimen being removed during die etch process. 

in addition, the method may include detecting light returned from the illuminated region of the specimen 
during the etch process. The method may also include generating one or more output signals in response to the 

25 detected light The one or more output signals may be responsive to a polarization state of the Hght returned from 
the illuminated region of the specimen. Therefore, die method may include determining a change in a polarization 
state of the incident beam of light retumed from the specimeiL The change in the polarization state of the incident 
beam of Ught retumed from the specimen may vary depending upon, for exaiq)le, one or more characteristics of 
the specimen such as a tiiickness of a layer on die specimen. In this manner, the mediod may include determining 

30 one or more characteristics of a layer on the specimen using die one or inoreou^ut signals. Furdiermore, the 

method may include determining one or more characteristics of more than one layer on die specimen using the one 
or more output signals. Such characteristics may include a thickness, an index of refraction, and an extinction 
coefficient of the layer on the specimen, a critical dimension of a feature on die specin:ien, or any combination 
thereof 

35 In additional embodiments, die mediod for determining a characteristic of a layer on a specimen during an 

etch process may include any steps of die embodiments as described herein. For example, the method may include 
altering a parameter of one or more instruments coupled to die etch tool in response to one or more output signals 
from the measurement device. In this manner, the method may include altering a parameter f one or more 



i 



wo 02/25708 PCT/USOl/42251 
mstnunent coupled to Ihe etch tool ttsing a feedback control technique, an in sita control technique, and/or a 
feedforward control technique. addition, the mediod may include altering a parameter f one or more 
instruments coupled to ^e measurement device in response to one or more output signals &om the measurement 
device. For exan^le, ^e metiiod may include altering a sampling frequency of the measurement device in 
5 response to one or more output signals from the measurement device. 

Fuithennore, the mefliod may include obtaining a signature characteriztDg an etch process. The signature 
may include at least one singularity rqnesentative of an endpoint of the etch process. For example, an endpoint of 
an etdi process xnay be a predetermined thickness of a layer on tiie^>ecimen. In addition, &e predetermined 
thickness may be larger or smaller depending upon, for exaaq)le, a semiconductor device being fisdmcated on the , 

10 specunen. Subsequent to obtainmg the singulazxty representative of die endpoint, the me&od may include altering 
aparameter of one or more instmments coiqiled to the etch tool to reduce, and even terminate, die etdi process. 

An additional embodiment relates to a CQmputer-inq)lemeDted method fat controlling a system configured 
to determine a characteristic of a specimen during an etch process. The system may include a measurement device 
coupled to an etch tool as described herein. The method may include controlling die measurement device to detect 

1 5 hght returned from a region of the specimen during an etch process. For example, controlling the measurement 
device may include controlling a light source to direct an incident beam of light to a region of the specimen during 
an etch process. The light source may be controlled such that the incident beam of light may illuminate die region 
of die specimen at multiple angles of incidence during the etch process. Hie incident beam of light may have a 
known polarization state. The illuminated region of the specimen may include a region of die ^ecinoen bemg 

20 removed during the etch process. In addition, controlling die measurement device may include controlling a 
detector to detect at least a portion of light returned from the illuminated region of die specimen during the etch 
process. The mediod may also include generating one or more ou^ut signals responsive to die detected lig^t 
Furthermore, die mediod may include processing die one or more output sigiials to determine a change in a 
polarization state of the incidence beam of light retumed from the illuminated region of the specimen. The method 

25 may fru^er include determining one or more characteristics of a layer on the specimen using die one or more 
output signals. The characteristics may include, but are not limited to, a diickness, an index of refraction, an 
extinction coefficient of the layer on the specimen, and/or a critical dimension of a feature on the specimen, or any 
combination thereof. 

In additional embodiments, the conq)uter-iniplemented method for controlling a system configured to 
30 determine a characteristic of a specimen during an etch process may include steps of any of the embodiments as 

described hereiiL For exan^le, die method may include controlling an instrument coupled to the etdi tool to alter a 
parameter of the instrument in response to one or more output signals from the measurement device. The method 
may include controlling an instrument coi:Q)led to die etch tool to alter a parameter of die instmment using a 
feedback control technique, an in situ control technique, and/or a feedforward control technique. In addition, the 
35 method may include controlling an instrument coupled to the measurement device to alter a parameter of the 

instrument in response to one or more output signals from the measurement device. For example, the method may 
include controlling an instrument coupled to the measurement device to alter a san^ling frequency of the 
measurement device in response to one or more output signals from the measurement device. 
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In an additional example, the method may include controlling the measmtment device to obtain a 
signature characteristic f an etch process. The signature may include at least nesingularity representative of an 
endpomt of His etch process. An end^xnt f an etch process may include, but is not limited to, a predetemiined 
thickness f a lay er on the specimen. The predetennined thickness may be larger or smaller depending upon, for 
S example, a semiconductor device being fabricated on the specimen. Subsequent to obtaining the singularity 

representative of the endpoint, the mediod may include controlling a parameter of one or more instruments coiq>led 
to the etch tool to alter a parameter of the instnimraits to reduce, and even end, the etch process . 

An additional embodiment relates to a method for &bricating a semiconductor device, which may include 
disposing a spedniieni^on astage. The stage may be disposed within a process chambn of an etch tool, as shown 

10 inFig.24. The stage inay be configured to support die specimen during an etch process. A measurement device 
may also be coupled to the process chamber of the etch tool, as shown in Fig. 24. In this manner, the stage may be 
coupled to the measurement device. 

The method may further inchide fomung a portion of a semiconductor device upon the specimen. For 
exanq)le, forming a portion of a semiconductor device may include etching e;q)osed regions of the specimen. 

IS During an etch process, typically, an entire specimen may be exposed to an etch chemistry. A masking material 
may be arranged on tiie specimen prior to the etch process to expose predetermined regions of the specimen to ^e 
etch chemistry. For exanqjle, portions of the maskmg material may be removed usmg a lidiography process and/or 
an etch process to expose predetermined regions of the q)ecimen. The e3q>osed predetemuned regions may be 
regions of &e specimen in which features of a semiconductor device may be formed Remaining portions of the 

20 masking material may substantially inhibit underlying regions of ftie specimen to be etched during die etch process. 
Appropriate masking materials may include, but are not limited to, a resist, a dielectric material such as siHcon 
oxide, silicon nitride, and titanium nitride, a conductive material such polyciystalline silicon, cobalt silicide, and 
titanium silicide, or any combination thereof. 

The method for fabricating a semiconductor device may also inchide directing an incident beam of Ught to 

25 a region of the specimen. The incident beam of light may have a known polarization state. The region of the 

specicncn may be a region of the specimen being removed during the etch process. The mediod may also include 
detecting at least a portion of the hght returned from the illuininated region of the specimen during die etch process. 
Ihe method may further include generating a signal responsive to the detected light In addition, tfte method may 
mclude determining a change m a polarization state of the incident beam of light returned from the specimen. The 

3 0 change in the polarization state of die mcident beam of light returned fipom die specimen may vary depending on, 
for exanqple, one or more characteristics of the specimen. In this manner, the method may include determining one 
or more characteristics of a layer on the specimen usiog the one or more output signals. The characteristics may 
include, but are not limited to, a ^ckness, an index of refraction, and an extinction coef&cient of the layer on the 
specimen, a critical dimension of a feature on ihc specimen, or any combiuation thereof. 

35 In additional embodiments, the method for fabricating a semiconductor device may include steps of any of 

the embodiments as described herem. For example, the method may include altering a parameter of one or more 
instruments coupled to the etch tool in response to one or more ou^ut signals from the measurement device. In this 
maimer, the method may include altering a parameter of one or more instruments covpled to ihe etch tool using a 
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feedbadc control technique, an in situ control technique, and/or a feedforward control technique. In addition, the 
method may include altering a parameter of one or more instruments coi4)led to the measurement device in 
response to one or more utput signals from ^ measurement device. For example, the method may inchide 
altering a sampling frequency of tiie measurement device in response to one or more output signals from tiie 
S measurement device. 

Furthermore, the mefliod may include obtaining a signature characteristic of an etch process. The 
signature may inchide at least one singularity representative of an end^oint of tiie etch process. An exu^oint of an 
etch process may be a predetemiined thickness ofahyer on the specimen. la addition, the predetemuned thickness 
may be larger or smaller dependmg xspon^ for exanq>le, the semicondiictor device being &bricated on tiie spedmen. 

10 Subsequent to obtainmg tiie singularity representative of the ent^int, the method may inchide altering a 

parameter of one or more instruments coupled to &e etch tool to reduce, and even terminate, the etch process. 

Fig. 25 illustrates an embodiment of a system configured to evaluate an ion inq)lantation process. In an 
embodiment, a system configured to evaluate an ion inq>lantation process may include measurement device 308 
coupled to ion imphntex 310. Measurement device 308 may be coiq)led to ion in:^)lanter 310 such that 

15 measurement device 308 may be external to the ion impianter. As such, exposure of the measurement device to 
chemical and physical conditions within the ion impianter may be reduced, and even eliminated. Fuithennore, 
measurement device 308 may be externally coupled to ion ino^lanter 3 10 such that the measurement device does 
not alter the operation, perfomiance, or control of the ion inq>lantatiQn process. For example, an ion in^lanter 
process chamber may include relatively small sections of a substantially transparent material 3 12 disposed witiiin 

20 walls of the process chamber. A configuration of an ion mq>lanter, however, may determine an appropriate metiiod 
to couple the measurement device to the ion impianter. For exan^>Ie, the placement and dimensions of the 
substantially transparent material sections 312 within walls of tiie process chamber may vary dq)ending ontiie 
configuration of the con^onents within the process chamber. Exaiiq>les of ion inq)lanters are illustrated in U.S. 
Patent Nos. 4,578,589 to Aiticen, 4,587,432 to Aitken, 4,733.091 to Robinson et aL, 4,743,767 to Plumb et aL, 

25 5,047,648 to Fishkin et al., 5,641,969 to Cooke et al., 5,886,355 to Bright et al., 5,920,076 to Burgin et aL, 
6,060,715 to England et al., 6,093,625 to Wagner et aL, 6,101,971 to Denhohn et aL, and are incorporated by 
reference as if fully set forth herein. 

In an alternative embodiment, measurement device 308 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. The rneasurement chamber inay be coupled to ion irogplanter 3 10, 

30 as shown in Fig. 17. For exan^le, the measurement chainber may be disposed laterally or vertically proximate one 
or more process chambers of ion iniplanter 310. In this manner, a robotic wafer handler of ion irr^lanter 310, stage 
3 16, or another suitable mechanical device may be configured to move specimen 3 14 to and fiom the measurement 
chamber and process chambers of tiie ion in:q)lanta:. In addition, the robotic wafer handler, the stage, or another 
suitable mechanical device may be configured to move specimen 3 14 between process chambers of the ion 

35 ioG^lanter and the measurement chamber. Measurement device 308 may be furtiier coi^led to ion in:^>lanter 310 as 
fiirther described with respect to Fig. 1 7. 

Measurement device 308 may be configured to periodically direct an incident beam of light to specimen 
3 14 such that a region of the specimen may be periodically excited prior to, during, and/or subsequent to ion 
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in^lantatioiL Measurement device 308 xxiay also be coxifigured to direct a saix^le flight to the periodically 
excited region of specimen 3 14 prior to, during, and/ot subsequent to ion iiiq)lantatioa In addition, measurement 
device 308 may be configured to measure an intensity of die sample beam reflected fiom the periodically excited 
region of specimen 314 prior to, during, and/or subsequent to ion implantation. The small sections f substantially 
5 transparent material 312 may transmit the incident and sample beams ftom one or more iUumination systems 
outside the process chamber to a specimen within the process dumber and the reflected sanqtle beam from iSbe 
specimen to a detection system outside Reprocess chamber. The substantially transparent material 3 12 may have 
optical and/or material properties such that the beams may pass through tbe substantially transparent sections of the 
process chaniberwiftout undesirably altering the optical properties of the indden^ In. 

1 0 this manner, measurement device 308 may be coupled to stage 316 disposed within tiie process chamber and 
configured to si^jport spechnen 3 14. 

In an embodiment, measurement device 308 may include light source 318 such as an argon laser 
configured to emit an incident beam of light. Hie light source may also be configured to generate electromagnetic 
radiation of other and/or multiple wavelengths including X-rays, gamma rays, infiared light, ultraviolet ligh^ 

1 5 visible light microwaves, or Tadio-freqiienoi^. Ligjit source 318 may also include any energy source that may 
cause a localized heated area on a sur&ce of specimen 3 14 such as a beam of electrons, protons, neutrons, ions, or 
molecules. Such an energy source nmy be disposed within the process diainber of ion inoplante^ Li addition, 
light source 318 may also include any energy source configured to cause at least some electrons of &e specimen in 
a valence band to be excited across tibe band gap to a conductor band thereby creating a phirality of electron-hole 

20 pairs called a plasma. Measurement device 308 may also include modulator 320, whidi may be configured to chop 
the incident beam emitted fiom light source 318. The modulated incident light beam may be directed to specimen 
314 to periodically excite a region of the specimen. 

Measurement device 308 may also include additional light source 322 such as a helium neon laser 
configured to emit a sanqile beam of light The measurement device may further include additional optical 

25 conxponents such as dichroic mkror 324, polarizing beamsplitter 326, quarter wave plate 328, and focusing lens 
330 such as a microscopic objective. The additional optical components may be arranged witfam the measurement 
device such that the modulated mcident beam and the sample beam may be directed to substantially the same 
region of the specimen. The additional optical cQnq)onents, however, may also be arranged within fiie 
measurement device sudi diat the modulated incident beam and the sanqple beam may be directed to two 

30 overlapping but non-coaxial, or two laterally spaced, regions of the specimen. 

Measurement device 308 may also include a tracker (not shown) coupled to each of the light sources. The 
trackers may be configured to control a position of the incident beam and the sanq^le beam. For exan^le, the 
trackers may be configured to alter a position of the incident beam with respect to a position of die sample beam 
during an ion inq)lantation process. In addition, the trackers may be configured to control positions of the incident 

35 beam and die sample beam such that the beams may be directed to substantially different regions of the specimen 
during an ion implantation process. As such, die system may be configured to evaluate die ion implantation 
process at any number of positions on the specimen. The additional optical components may also be anaoged 
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within Hie measurement device such that the sao^le beam reflected from the sm&ce of the specimen may be 
directed to a detection system of the measurement device. 

In an embodiment, detection system 332 may inchide a conventional photodetector tiiat may be configured 
to measure intensity variations f the reflected san^)le beam. The intensity variations ftibie reflected sample beam 
5 may vary depending on, for example, periodic reflectivity changes in the periodically excited region of spedmen 
314. In alteniativeembodimentSy detection system 332 may include a conventional intei^^ hi this manner, 
the reflected sanq>le beam nmy be combmed with a reference beam prior to striking The 
referencebeammay be a portion of the sanq>]e beamandmay be directed to the interferometer by partially 
transmissive mirror 326. Since the san^le beam reflected fiom the specimen and the reference beam inay not be in 

10 phase, interfereiicepattBiiis may develop in the combined beam. Intensity variations of ^interference patterns 
may be detected by the interferometer. 

In additional embodiments, detection system 332 may include a split or bi-cell photodetector having a 
number of quadrants. Each quadrant of die photodetector may be configured to independently measure an intensity 
of the reflected sanq)le beam. In this manner, each quadrant may detect different intensities as the reflected san:q>l6 

15 beam fhictuatss across the Surface of uie puotodctcctoi. As sucli, mc split photodetector may be configured to 
measure the extent of deflection of the reflected saiiq)le beanL For deflection measurements, die modulated 
incident beam and the san[q>le beam may be directed to two overlying but xum-coaxial regions of the specimen as 
described above. £xanq)les of modulated optical reflectance measurement devices are iUustrated in U.S. Patent 
Nos. 4,579,463 to Rosencwaig et aL, 4,750,822 to Rosencwaig et aL, 4,854,710 to Qpsal et aL, and 5,978,074 to 

20 OpsaletaL andareincorporatedbyreferenceasiffiiUy setforthherein. The embodimCTts described herein may 
also include features of die systenos and me&ods illustrated in fliese patents. In addition, each of the detectors 
described above may be configured to generate one or more ou^ut signals responsive to the intensity variations of 
the reflected saiiq)le beamu 

The intensity variations of the reflected sang)le beam may be altered by the inq)lantation of ions into the 

25 specimen. For example, during ion in^Iantation processes, and especially in processes using high dosage levels, a 
portion of the specimen may be damaged due to die inq)lantation of ions into the specimen. A damaged portion of 
the specimoi may, typically, include an upper crystalline damaged layer and an intermediate layer of amorphous 
silicon. A lattice stmcture of the upper crystalline damaged layer may be substantially different than a lattice 
structure of the intermediate layer of amorphous sihcon. The vipper crystalline layer and flie amorphous layer of 

30 silicon may, therefore, act as thermal and optical boundaries. For example, die two layers may have different 

periodic excitations due to differences in latdce structure. In addition, the different periodic excitations may cause 
die two layers to reflect the sarcple beam in a different manner. As sudi, die intensity variations of the reflected 
sample beam may depend on a thickness and a lattice structure of the upper crystalline layer and the amorphous 
layer. 

35 The thickness of die upper crystalline layer and the amorphous layer may depend on a parameter of one or 

more instrument coupled to the ion inq)lanter. A parameter of one or more instruments coupled to the ion 
implanter may determine the process conditions of an ion implantation process. Instruments coupled to ion 
inqplantcr may include, but are not limited to, gas supply 334, energy source 336, pressure valve 338, and 
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modulator 240. Damage in tiie upper aystalline layer may vaiy depending on, for example, electronic collisions 
between atoms of Hie silicon layer and tlie iniplanted ions. Displacement damage, h wever, may not be piodaced if 
the ions entering tlie silicon lay^ do not have enough energy per nuclear collision to displace silicon atoms from 
their lattice sites. In this manner, a thickness of die iq>per ciystalline layer may vary depending upon, for exaizq)le, 
implant energy, increasing the dose of ions, and in particular heavy ions, may produce an amorphous region below 
ttie upper aystaUine damaged layer in which the displaced atoms per miit vohnne may approach the atomic density 
of the semiconductor. As the in^slant dose of an ion inqplantation process increases, a thickness of the amorphous 
layer may also increase. In this mamm, die intensity variations of &e reflected sample beam may be dependent 
upon process conditions during inq)lantation including, but not limited to, &e implant energy and dose. Hierefore, . 
processor 342 coupled to measurement device 308 may be configured to detemaine a parameter of an instrument 
coupled to ion implanter 3 10 &am die measured intensity variations of the reflected sanq>le beam prior to, during, 
and/or subsequent to ion in^)lantation. Parameters of one or more instrxmients coupled to the ion iiiq)lanter may 
define process conditions including, but not limited to, an implant oiergy, an iirq)lant dose, an trn plant species, an 
angle of implantation, and tenq)erature. 

lu an embouiDicui, processor 342 coupled to measurement device 308 may be configured to determine one 
or more characteristics of an implanted region of specimen 314 from one or more output signals fiom detection 
system 332 prior to, during, and/or subsequent to ion inplantatioit The characteristics of an inplanted region may 
include, but are limited to, a presence of inplanted ions in the spedmen, a concentration of inplanted ions in the 
specimen, a depdi of ixrplanted ions in the specimen, a distribution profile of inplanted ions in die specimen, or 
any combination diereof. Subsequent to inplantation, die specimen may be annealed to electrically activate 
implanted regions of the specimerL Charactoistics of an electrically activated implanted region such as deplh and 
distribution profile may depend ipon thicknesses of the u|iper crystalline layer and the amorphous layer formed 
during implantation and process conditions of the anneal process. As such, characteristics of an electrically 
activated implanted region may be determined from the determined characteristics of the implanted region. In 
addition, processor 342 coupled to measurement device 308 may be configured to determine a presence of defects 
such as foreign material on the specimen prior to, during, and/or subsequent to an implantation process from one or 
more output signals from detection system 332. 

In an additional ernbodiment, processor 342 may be coipled to measurement device 308 and ion inplanter 
3 10. Hie processor may be configured to interface with the measurement device and the ion implanter. For 
example, the processor may receive output signals from the ion inplanter during an ion inxplantation process diat 
may be representative of a parameter of one or more instmment coupled to the ion inplanter. Hie processor may 
also be configured to receive output signals from the detection system during an ion implantation process. * In an 
additional embodiment, the measurement device may be configured to measure variations in output signals firom 
the detection system during an ion in^lantation process. For example, the measurement device may be configured 
to detect die reflected sample beam substantially continuously or at predetermined time intervals during 
inq)lantation. The processor may, therefore, be configured to receive ou^ut signals responsive to the detected light 
substantially continuously or at predetermined time intervals and to monitor variations in the one or more output 
signals during the ion iir^Iantation process. In this manner, processor 342 may be configured to determine a 
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relationsb^ between &e output signals responsive to the detected light and paiameters of one or more instruments 
coi^led to an ion inG|}lanter. As such, processor 342 may be configured to alter a parameter f one or more 
instruments in response to ^e determined relati nship. In addition, processor 342 may be configured to determine 
a parameter of one or more instruments using the relationship and output signals from &e measurement device. 
S F u rt h ei mo re, additional controller computer 344 maybe coiq)led to ion inylanter 310. Controller 

conq>utBr 344 may be configured to alter a parameter of one or more instruments coupled to flie ion hnplanter. 
Processor 342 may also be coupled to controller conqtuter 344. In this manner, controller conpiter 344 may be 
configured to alter a parameter of one or more instnanents coiq^led to the ion inq>lanter in respcmse to one or more 
output signah from processor 342, winch xnay be responsive to a determined paxaix^ addition, controller 

1 0 conq)utBr 344 may monitor a parameter of one or more instruments coupled to the ion implanter and may send one 
or more output signals responsive to the monitoTed parameters to processor 342. 

Additionally, the processor may be further configured to control tiie measurement device and the ion 
implanter. For examplQ, tiie processor may be configured to alter a parameter of one or more instruments coupled 
to the ion in^lanter in response to one or more output signals from the measurement device. In this manner, the 

1 5 piOu^sur umy be configured to alter a parameter of an instrument coupled to me ion impldnxBi using a feedback 
control technique, an in situ control technique, and/or a feedforward control technique. In addition, the processor 
may be configured to alter a parameter of an instrument coiqiled to the measurement device in response to ou^nzt 
signals from the measurement device. For exan:q)le, the processing device may be configured to alter a san:q)ling 
fi:equency of the measurement device in response to ou^ut signals fix>m the measurement device. 

20 By analyzing the variations in output signals from the measurement device dunng an ion implantation 

process, the processor may also generate a signature that may be representative of the implantation of the ions into 
&e specnnezL The signature may include at least one singularity that may be characteristic of an end^oint of the 
ion ixr^lantation process. For exanq)le, an ^propriate enc^omt for an ion implantation process may be a 
predetermined concentration of ions in the specimen. In addition, the predetermined concentration of ions may be 

25 larger or smaller depending upon a semiconductor device bemg febricated on ^e specimen. After the processor has 
detected the singularity of the signature, the processor may reduce, and even terminate, the izrq>lantation of ions into 
the specimen by altering a parameter of one or more instruments coupled to the ion implanter. 

In an embodiment, the processor may be configured to determine appropriate process conditions for 
subsequent ion inq)lantatiQn processes of additional specimens using output signals from the measurement device. 

3 0 For example, a deptii of implanted ions in the specimen may be determined using ^e output signals. The 
determined dep& of an implanted region of die specimen may be less than a predetermined depth. The 
predetermined depth may vary depending on a semiconductor device being fabricated on the specimen. Before 
processing additional specimens, a parameter of one or more instruments coupled to the ion ioDpknter may be 
altered such diat an in^lanted depth of the additional specimens may be closer to fhe predetermined depth tiian &e 

35 iniplanted depth of the measured specimen. For exaziq)le, the in^Iant energy of die ion implant process may be 
increased to drive the ions deeper into the additional specimens. In this manner, the processor may be coupled to 
alter a parameter of one or more instruments coupled to an ion inqilanter in response to output signals from the 
measurement device using a feedback control technique. 
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In an additional embodnnent, the processor may be configured to determine process conditions of 
additional semiconductor fabrication processes tbat may be performed subsequent to tiie ion itiq)lantation process 
using output signals from the measurement device. Additional semiconductor fabrication process may include, but 
are not limited to, a pr cess to anneal implanted regions of the specimen. For exanq>le, a depth of an inq>lanted 
S region of a specimen may be determined using the output signals. Hie determined depth of fht implanted legion of 
^specimen may be greater tiian a predetenmneddeptii. Current process conditions of a subsequent annealing 
process, however, may be optimized for the predetemuned depttL Therefore, before annealing tiie m^lanted 
specimen, a process condition of tiie annealing process such as anneal time or anneal tenqieratuie may be altered 
For exanqple, an anneal time may be increased to ensure substantially complete leoystaUization of the amcnplious . 

10 layer fonned in the specimen. In this manner, the processor may be configured to alter a parameter of one or more 
instruments coupled to an anneal tool in response to output signals from tiie measurement device using a 
feedforward control technique. In addition, the processor may be furtiier configured according to any of the 
embodiments as described herein. 

In an embodiment, a method for determining a characteristic of a specimen prior to, during, and/or 

1 S subsequent to an ion implantation process may include disposing the specimen upon a stage. The stage may be 
disposed within a process chamber of an ion in[Q)lanter. The stage may also be configured according to any of the 
embodiments as described herein. A measurement device may be coupled to the ion in^lanter as described herein. 
As such, die stage may be coupled to the measurement device. In addition, the measurement device may be 
configured as described herein. 

20 Ihe method may include directing an incident beam of light to a region of tiie specimen to periodically 

excite a region of the specimen during the ion inq)lantation process. The region of tiie specimen may be a region of 
the specmienbeiagin[q)lanted during die ion inQ>lantation process. The method may also mchide directing a 
sample beam of light to the periodically excited regicm of the specimen during the ion inq)lantation process. In 
addition, the metiiod may include detecting at least a portion of the sanq)le beam reflected from the periodically 

25 excited region of the specimen during the ion implantation process. The method may further include generating 

one or more output signals in response to the detected light Furthermore, the metiiod may include determining one 
or more characteristics of the in^lanted region of the specimen using the one or more ou^ut signals. The 
charactraistics of the in^ilanted region may include, but are not limited to, a presence of in:q)lanted ions in the 
specimen, a concentration of implanted ions in the specimen, a depth of inq)lanted ions in the specimen, a 

3 0 distribution profile of implanted ions in the specimen, or any combination hereof. 

In additional embodiments, the metiiod for detemiining a characteristic of a specimen during an ion 
implantation process may include steps of any of the embodiments described herein. For exaniple, the method may 
include altering a parameter of one or more instruments coupled to the ion implanter in response to die one or more 
output signals. In this manner, the method may include altering a parameter of one or more instrument coupled to 

35 the ion in^lanter using a feedback control technique, an m situ control technique, and/or a feedforward control 
technique. In addition, the method may include altering a parameter of one or more instruments coupled to the 
measurement device in response to the one or more output signals. For exan:q)le, the method may include altering a 
sampling frequency of the measurement device in response to the one or more output signals. 
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Hie method may further inchide obtaining a signature characterizing tiie inq^lanlation of &e ions into a 
specimen. The signature may inchide at least one singularity representative of an endpoint of ^ ion implantation 
process. For exarq)le, an endpoint for an ion implantation pr cess noay be a predetennined concentration of i ns. 
In addition, die predetemoined concentration of ions may be larger or smaller depending upon a semiconductor 
S device being febiicated on the specimen. Subsequent to obtaming tiie singularity representative of tiie en(^oint, die 
method may mckde altering a parameter of one or more instruments coi^)led to the ion inq^lanter to reduce, and 
even terminate, the ion in:q)la]itatiQn process. 

In an embodiment; a con:q)uter-inq)lemented mediod may be used to control a system configured to 
deteoaine a diaractmstic of a specimai prior to, during, and/or subsequent to an ion implmitatian process. The 
10 system niaymchide a measurenieDt device coiq)led to an ion implanter as descri^ Themethodmay 
include controUing the measurement device to measure modulated optical reflectance of a region of a specimen 
during the ion inplantation process. For exanple, controlling the measurement device may inchide controlling a 
Hgbt source to direct an incident beam of light to a region of the specimen such that the region may be periodically 
excited during the ion implantation process. Controlling the measurement device may also include controlling an 
1 5 auuiiiQual light source to direct a sample beam of light io the periodically excited region of the specimen during the 
ion iniplantation process. 

In addition, controlling the measurement device may mchide controlling a detection system to detect at 
least a portion of the sample beam reflected fiom die periodically excited region of die specimen during the ion 
inplantation process. In addition, the mediod may include generating one or more output signals in response to the 
20 detected Hght Furthermore, the method may include processing the one or more ou^ut signals to determine one or 
more characteristics of the inplanted region of the specimen. Tlie characteristics of die in^)laiited region may 
include, but are not limited to, a presence of inplanted ions in the specimen, a concentration of mq>lanted ions in 
the specimen, a depth of inplanted ions in the specimen, a distribution profile of implanted ions m the specimen, or 
any combination thereof. 

25 In additional embodiments, the conputer-iiiq>lemented method for controlling a system to determine a 

characteristic of a specimen prior to, during, and/or subsequent to an ion implantation process may inchide steps of 
any of the embodiments described herein. For exan:q}le, the method may include controlling an instrument coupled 
to die ion implanter to alter a parameter of the instrument in response to the one or more output signals. In this 
maimer, the mediod may include controlling an instrument coiqiled to die ion in[q)lanter to alter a parameter of the 

3 0 instrument using a feedback control technique, an in situ control technique, and/or a feedforward control technique. 
Li addition, die method may include controlling an instrument coupled to the measurement device to alter die 
parameter in response to the one or more output signals. For example, the method may include controlling an 
instrument coTq>led to the measurement device to alter a sampling frequency of the measurement device in response 
to the one or more output signals. Furtheimore, the method may include controlling additional components of the 

35 system. For example, the method may include controlling the trackers to control lateral positions of the incident 
beam and the sample beam with respect to the specimen during use. In this manner, the mediod may include 
controlling the trackers to evaluate the ion iniplantation process at any nuinber of positions on the specimen. 
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In an additional exanq)Ie, die method may include controlling tiie measuiement device to obtain a 
signature characterizing the implantation of the ions into Hxq specimen. The signature may include at least one 
singularity representative of an end^oint of the ion inq}lantation process. F r exan:Q>le» an endpoint for an ion 
in^lantation process may be a predetermined concentration of ions. Hie predetermined concentration of ions may 
S be larger or smaller depending upon, for example, a semiconductor device being fabricated on die specimen. 
Subsequent to obtaining the smgularity representative of flie en^oint, the method may xnchide controlling a 
parameter of an mstrmnent coiq)led to the ion implanler to alter tfie parameter of the instrument thereby reducing, 
and even termmatmg, iixq>lantation of ions into &e specimen. 

An additional embodiment relates to a mediod for &bricating a semiconductor device that may include 

10 disposing a specimen i^on a stage. The stage may be diqx)sedwidmi a process chamber of an icmixnplanter. The 
stage may be configured as described herem. A measurement device may also be coq)led to tibe process chaxnber 
of the ion implanter. In this manner, the stage may also be coupled to the measurement device. The method may 
include forming a portion of the semiconductor device rxpoa the specimen. For e7canq>le, forming die portion of the 
semiconductor device may include iiiq}lanting ions into fhs spedmen. During an ion implantation process, 

1 5 typically, the entire wafer may be scanned with a beam of ions. A masking material may be arranged on the 

specimen to expose predetermined regions of the specimen to inq)lantation. For exan:q)le, portions of the masking 
material may be removed using a lithogr^hy process and/or an etch process to expose regions of tlie specimen to 
an implantation process. Hie exposed regions may include regions of tiie specimen in which features of a 
semiconductor device are to be formed. Appropriate masking materials may include, but are not hmited to, a resist, 

20 a dielectric material such as silicon oxide, silicon nitride, and titanium nitride, a conductive material sudi as 
polycrystalline silicon, cobalt silicide, and titanium silicide, or any combination diereof 

Hie method for fabricating a semiconductor device may also include directing an incident beam of ligiht to 
a region of the specimen. The directed incident beam of light may periodically excite a region of the specimen 
during the ion ir:^>lantation process. The region of the specimen may be a region of the specimen implanted during 

25 the ion implantation process. Tlie method may also mclude directing a sample beam of light to the periodically 

excited region of the specimen during the ion in^lantation process. In addition, the method may include detecting 
at least a portion of the sanq)le beam reflected from the periodically excited region of the specimen during the ion 
in^lantation process. The method may also include generating one or more output signals in response to the 
detected light Furthermore, the me&od may inchide determining one or more characteristics of the inq)lanted 

30 region of the specimen using die one or more output signals. The characteristics of &e implanted region may 
include, but are not limited to, a presence of nnplanted ions in &e specimen, a concentration, a depth, and a 
distribution profile of implanted ions in the specimen, or any combination thereof. 

In additional embodiments, die mediod for &bricatmg a semiconductor device may include steps of any of 
die embodimBnts described herein. For example, die method may include altering a parameter of an instrument 

35 coupled to the ion in^lanter in response to the one or more output signals. In this manner, the method may include 
altering a parameter of an instrument coupled to die ion implanter using a feedback control technique, an in situ 
control technique, and/or a feedforward control technique. In addition, the method may include altering a 
parameter of an instrument coi;^led to the measurement device in response to the one or more output signals. For 
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exanqile, die method may include alterizig a san^Iiiigfi:^^ fthe measurement device in xesposse to ^ ne 
or more output signals. 

Furtliennore, the me&od may include obtaining a signature characteristic of the inq}lantation f the ions 
into the specimen. The signature may include at least one singularity representative of an enc^oint of the ion 
5 implantation process. For example, an endpoint for an ion implantation process may be a predetermined 

concentration of ions. In addition, the predetemoined concentration of ions may be larger or smaller depending 
upon a semiconductDr device being fibricated on the specimen. Subsequent to obtaining the singularity 
representative of ^ en^int, the me&od may include altering a parameter of an instrument coupled to tibe ion 
inq)Ianter to reduce, and even terminate, the inylantation of ions into the specimen. 

10 Fig. 26 illustrates an embodiment of a system configured to determine at least one characteristic of micro 

defects on a surface of a specimen. In an enibodiment, such a system may include measurement device 346 
coupled to process tool 348. Process tool 348 may be configured as a process chamber of a semiconductor 
fabrication process tool or a semiconductor fabrication process tool. In this manner, process tool 348 may be 
configured to perform a step of a semiconductor fabrication process such as lidiography, etch, ion implantation, 

1 5 chemical-mechanical polishing, plating, chemical vapor deposition, physical vapor deposition, and cleaning. For 
exanq>le, as shown in Fig. 26, process tool 348 may include a resist apply chamber of a process tool or a develop 
chamber of a process tooL As such, process tool 348 may be configured to febricate a portion of a semiconductor 
device on specimen. 

Measurement device 346 may be coupled to process tool 348 such fiiat die measurement device maybe 

20 external to the process tooL As such, exposure ofthe measurement device to chemical and physical conditions 
witiiin tile process tool may be reduced, and even eliminated. Furthermore, die measurement device may be 
externally coupled to the process tool such diat die measurement device may not alter the operation, performance, 
or control of die process. For example, a process tool may include one or more relatively grnall sections of a 
substantially transparent material 350 disposed within walls of die process tool. The configuration of process tool 

25 348, however, may determine an appropriate method to couple measurement device 346 to the process tool. For 

example, the placement and dimensions of the substantially transparent material sections 350 within die walls ofthe 
process tool may be depend on the configuration of the conqxments within the process tooL 

In an alternative embodiment, measurement device 346 may be disposed in a measurement chamber, as 
described with respect to and shown in Fig. 16. The measurement chamber may be coupled to process tool 348, as 

30 shown in Fig. 17. For example, the measurement chamber may be disposed laterally or vertically proximate one or 
more process chanibers of process tool 348. la diis manner, a robotic wafer handler of process tool 348, stage 354, 
or another suitable mechanical device may be configured to move specimen 352 to and fiom the measurement 
chamber and process chambers of die process tool. In addition, die robotic wafer handler, the stage, or anodier 
suitable mechanical device may be configured to move specimen 352 between process chambers ofthe process tool 

35 and the measurement chamber. Measurement device 346 may be fiirdier coupled to process tool 348 as further 
described with respect to Fig. 17. 

in an embodiment, stage 354 may be disposed widiin process tool 348. Stage 354 may be configured to 
siq)port specimen 352 during a process. In addition, stage 354 may also be configured according to ai^ ofthe 
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embodiments described herein. For exan^le, ^e stage may include a motorized stage that may be configured to 
rotate in a direction indicated by vector 356. Illumination system 358 of measurement device 346 may be 
configured to direct light toward a sur&ce of specimen 352. In addition, illumination system 358 may be 
configured to direct light toward a sur&ce of fh& specimen during a process such as fabrication of a portion of a 
5 semiconductor device and during rotation of (he stage. In addition, a detection system of measur^oient device 346 
may include a first detector 360 and a second detector 362. Detectors 360 and 362 may be configured to detect 
light propagating fiom die surfiice of the specimen during a process such as fibrication of a portion of the 
semiconductor device and during rotation of Ihe stage. 

As shown in Fig . 26 , first detector 3 60 may be configured to detect dark field light propagating along a 

10 dark field patib fiom die sur&ce of specimen 352. In addition, second detector 362 may be configured to detect 
bright field light propagating along a bright field path fix>m the surface of specimen 352. In this manner, light 
detected by tiie measturement device may include dark field light propagating along a dark field path firom the 
surfiace of the specimen and bright field light propagating along a bright field path fiom flie sur&ce of the 
specimen. In addition, the detectors may be configured to substantially simultaneously detect Hght propagating 

1 5 nom a surface of me specimen. 

Furdiennore, detected light may inchide dark field light propagating along multiple dark field paths firom 
die surface of tibe spedxnen. For exanq)le, as shown in Fig. 27, a detection system of measurement device 365 may 
include a plurality of detectors 366. The pluratity of detectors may be positioned with respect to light source 368 
such that each of the plurality of detectors may detect dark field light propagating fiom the sur&ce of the specimen. 

20 In addition, die plurality of detectors may be arranged at a different radial and vertical positions with respect to 

light source 368. A system that includes measurement device 365 may be commonly referred to as a '^pixel-based" 
iiispection system. Examples of pixel-based inspection systems are illustrated in U.S. Patent Nos. 5,887,085 to 
Otsuka, and 6,08 1,325 to Leslie et al., and PCT Application No. WO 00/02037 to Smilansky et al., and are 
incorporated by reference as if fiilly set forth herein. An exanqsle of an optical inspection method and apparatus 

25 utilizing a variable angle design is illustrated in PCX Application No. WO 00/77500 Al to Golberg et al, and is 
incoiporated by reference as if fully set forth herein. 

As ^wn in Fig. 27, measurement device 365 may be fiirther configured to direct hght to multq)le 
sur&ces of specimen 370, which xoay be disposed upon a stage (not shown). The stage may be configured to move 
laterally and/or rotatably with respect to measurement device 365 as described herein. For exanq>le, the stage may 

30 be configured to move laterally while light from light source 368 may be configured to scan across the specimen in 
a direction substantially parallel to a radius of the specimen. Alternatively, the stage may be confiigured to move in 
two linear directions, which may be substantially orthogonal to one anodier, and optical components of 
measurement device 365 may be substantially stationary. The configuration of the stage with relation to die optical 
conq)onents of the measurement device may vary, however, depending upon, for example, space and mechanical 

35 constraints within the system. Light source 368 of measurement device may include any of the light sources as 
described herein. In addition, fiber optic cable 372 or anotiier suitable light cable may be coiq)led to light source 
368 and illumination system 374 positioned below specimen 370. In diis manner, the measurement device may be 
configured to direct light to multiple sur&ces of a specimen. In an alternative embodiment, measurement device 
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365 may include at least two light sources. Each flhephnslityofUght sources may be configured to dim 
to a different surface of the specimen. 

Measxirement device 365 may also include detector 376 coi^led to illumination system 374. As shown in 
Fig. 27, detector 376 may be positioned with respect to illumination system 374 such diat die detector may detect 
5 dark field light propagating along a dark field patii In an alternative embodiment, however, detector 376 may be 
positioned with respect to illuminatiQn 374 such 4ut &e detector may detect bright field light propagating along a 
farigiht field path. Measurement device 346 and ntieasuiement device 365 may be fiirdier configured as accord 
any of the embodiments described herein. 

The measmemient device may be further configured according to any of Hbs embodiments described 
10 hereirL &i addition, tiie system may include an additional measurement device. The additional measurement device 
may include any of the measurement device as described herein. 

In an embodiment, processor 364 coupled to measurement device 346 may be configured to determine one 
or more characteristics of defects on a surface of specimen 352, as shown in Fig. 26. In addition, processor 378 
coupled to measurement device 365 may be configured to determine one or more characteristics of defects on one 
15 or more surikces of specimen 370. Processor 364 and processor 378 may be similarly configured. For exanopie, 
processors 364 and 378 may be configured to receive one or more output signals fi-om detectors 360 and 362 or 

366 and 376, respectively, in response to light detected by ^ detectors. In addition, both processors may be 
configured to determine at least one characteristic of defects on at least one sur&ce of a specimen. The defects may 
include macro defects and/or micro defects. For exanq>le, processor 264 and processor 378 may be configured to 

20 determine at least one characteristics of macro defects on a fiont side and a back side of a specimen. In addition, 
one or more characteristics of defects may include, but are not limited to, a presence of defects on a sur&ce of 
specimen, a type of defects on a surface of a specim^ a number of defects on a sui&ce of a specimen, and a 
location of defects on a sur&ce of a specimen. In addition, processor 364 and processor 378 may be configured 
one or more characteristics of defects substantially simultaneously or sequentially. In this manner, fiuther * 

25 description of processor 364 may be applied equally to processor 378. 

In an additional embodiment, processor 364 may be coupled to measurement device 346 and process tool 
348. The process tool may include, for exanq)le, a wafer cleaning tool such as a wet or dry cleaning tool, a laser 
cleaning tool, or a shock wave particle removal tool An example of a laser cleaning tool is illustrated in 
"Chemically Assisted Laser Removal of Photoresist and Particles fiom Semiconductor Wafers,'* by Genut et al. of 

30 Oramir Semiconductor Bquipment Ltd., Israel, presoited at &e 28^ Ammal Meetii^ of the Fine Particle Society, 
April 1-3, 1998, v^bidi are incorporated by reference as if fully set forth herein. An example of a shock wave 
particle removal mediod and apparatus is illustrated in U.S. Patent No. 5,023,424 to Vaught, which is incorporated 
by reference as if fully set forth herein. Processor 364 may be configured to interfece widi measurement device 
346 and process tool 348, For example, processor 364 may receive one or more output signals from process tool 

35 348 during a process that may be responsive to a parameter of an instrument coupled to the process tool. Processor 
364 may also be configured to receive one or more ou^ut signals from measurement device 346, whidi may be 
responsive to light detected by detector 360 and detector 362 as described herein. 
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In an additi nal embodiment, the measurement device may be configured to detect light returned from the 
specimen during a process, as described herein. For exan^le, the measurement device may be configured to detect 
light propagating fiom the specimen substantially continuously or at predetermined time intervals during a process. 
The processor may, tiierefore, receive ou^ut signals firom the measmment device in response to the detected light 
S and may iQonitor variations in &B output signals during a process. In tiiis manner, processor 364 may be 
configured to determine a relationshq) between tiie output signals and a parameter of one or more instruments 
coi^led to process tool 348 . As such, processor 364 may be configured to alter a parameter of an instrument 
coupled to the process tool in response to &e determined relationshq>. In addition, die processor may be configured 
to determine a parameter of an instrument coupled to the process tool using tiie relationshq) and one or more ou^ut. 

1 0 signals from the measurement device. 

Additionally, processor 364 may be further configured to control measurement device 346 and process 
tool 348. For exanq)le, the processor may be configured to alter a parameter of one or more instruments coupled to 
&e process tool in response to output signals from &e measurement device, in this manner, lhe processor may be 
configured to alter a parameter of one or more instmments coupled to the process tool using a feedback control 

1 S tschiu«]Ue, sn m situ control techm(|Ue, und/or a feedforrVSTd control tccbnii^uC. In additiGn, the processor nxsy bw 
configured to alter a parameter of an instrument coupled to the measurement device in response to one or more 
output signals from the measurement device. For exanople, ^e processor may be configured to alter a sampUx^ 
freqpiency of tiie measuremoit device in response to the ou^nit signals. 

By analyzing die variations in tiie ou^ut signals from the measuremoit device during a process, the 

20 processor may also generate a signature that may be characteristic of the process. The signature may include at 
least one singularity that may be characteristic of an endpoint of the process. For example, an endpoint for a 
process may be a predetermined thickness of a layer. A predetermined thickness of a layer on the specimen may be 
larger or smaller depending upon, for example, a semiconductor device being fabricated on &e spedmeiL After 
detecting the singularity, the processor may reduce, and even terminate, processing of the specimen by altering a 

25 parameter of one or more instruments coupled to the process tooL 

In an embodiment, the processor may be configured to determine parameters of one or more instruments 
coupled to the process tool for processmg of additional specimens using output signals from tiie measurement 
device. For exan^ile, a thickness of a layer on die specimen may be determined using ou^ut signals from the 
measurement device. The thickness of the layer on ^e specimen may be greater than a predetermined tiiickness. 

30 The predetermined thickness may vary depending on, for exanq)le, a semiconductor device being &bricated one the 
specimen. Before processing additicmal specimens, a parameter of one or more instruments coupled to the process 
tool may be altered such that a thickness of a layer on the additional specimens may be closer to the predetermined 
thickness tiian a thickness of the layer on flie measured specimen. For example, the radio frequency power of an 
etch process may be increased to etch a greater thickness of the layer on the specimen, hi tiiis manner, the 

35 processor may be used to alter a parameter of one or more instruments coupled to a process tool in response to 
output signals from the measurement device using a feedback control technique. 

In an additional enibodiment, the processor may be configured to determine process conditions of 
additional semiconductor &brication processes using ou^ut signals from the measurement device. For exanq>Ie, 
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the processor inay be configured to alter a parameter of an instrmnent coi^led to a stripping tool in response to 
output signals from Hie measurement device using a feedforward control tedmiqae. In addition, the processor may 
be farther configured according to the enibodinients desc^ 

In an embodiment, a method for determining a characteristic of a specimen during a process may inchide 
S disposing specimen 352 upon stage 354. Stage 354 may be disposed wi&in process tool 34S. The stage may also 
be configoied according to any oftheenibodimente described hereh^ Measur^ent device 346 may be coiq>led to 
process tool 348 as described herein. As such, stage 354 may be coupled to measurement device 346. hi addition, 
measurement device 346 may be configured as described heiein. The rnetliodinay inchide directing light to a 
sur&ceofthe specimen during a process. In addition, die method may inchide detecting light returned fiom the 

10 sui£ace of the specimen during a process. The method may also include generating one or more ou^ut signals in 
response to the detected light In this manner, the method may include determining a characteristic of the specimen 
being processed using the one or more output signals. The characteristic may include a presence, a number, a 
location, and a type of defects on at least one surface of the specimen, or any combination fliereof. 

In additional embodiments, the metiiod for determining a characteristic of a specimen during a process 

1 5 may inrludft st^s of any of the embodiments described herein. For exan^sle, the method zssy include altering a 
parameter of an nistrument coiq>led to the process tool m response to the one or more output signals. In tins 
manna, the mediod may inchide altering a parameter of an mstiument coupled to tiie process tool using a feedback 
control technique, an in situ control technique, and/or a feedforward control technique. In addition, the method 
may mdude altering a parameter of an instiument coupled to the measurement device in resjponse to the one or 

20 more output signals. For exan[q>le,tiieniethodn:my mclude altering a saiiq>ling frequency of tiien^^ 

device in response to the one or more output signals. Furthemiore, die method may include obtaining a signature 
characteristic of tiie process. The signature may include at least one singularity representative of an endpoint of the 
process. Subsequent to obtaining die singularity representative of the endpoint, the metiiod may mchide altering a 
parameter of one or more instruments coupled to the process tool to reduce, and even terminate, the process. 

25 In an embodiment, a computer-implemented method may be used to control a system configured to 

determine a characteristic ofa specimen during a process. The system xnay inchide a measurement device cotq>led 
to a process tool as described herein. Hie method may mchide controlling the measurement device to detect light 
returned from a surface of a specimen during a process. For example, controlling tibe measurement device may 
inchide controlling a light source to direct light to a surface of the specimen during the process. In addition, 

30 controlling the measurement device may inchide controllmg a detector configured to detect light returned fiom the 
5ur&ce of die specimen during the process. The method may also inchide generating one or more ou^t signals in 
response to the detected light Furthermore, the method may include processing the one or more output signals to 
determine at least one characteristic of defects on at least one surface of the specimen using the one or more ou^t 
signals. The characteristics may also include any of the characteristics described herein. 

35 In additional embodiments, the conq)uter-implemented method for controlling a system to determine a 

characteristic ofa specimen during a process may mclude any steps of the embodiments described herein. For 
example, the mediod may include controllmg one or more instruments coupled to the process tool to alter a 
parameter of die instruments in response to the one or more output signals. In this manner, the me&od may inchide 
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contiolling one or more ifistnunents coiq)led to the process tool to alter a parameter of the mstcmnent using a 
feedback control technique, an in situ control technique, and/or a feedf rward control technique. In addition, tiie 
method may include controlling an instrument coTq>led to Ihe measurement device to alter tiie parameter in response 
to the one or more ou^ut signals. For exani^le, the method may include controlling an instrument coiq}led to ^ 
S measurement device to alter a sanq)ling firequency of the measurement device in response to tiiie one or more output 
signals. 

in an additional example, tibe method may include controlling &e measnr^nent device to obtain a 
siguatuie chaiacteiistio of the process. The signature may include at least one singularity representative of an 
end^oint of die process. Subsequent to obtaining the singularity representative of die en(^oint,&emediod . 

1 0 include controlling a parameter of one or more instnments cotqiled to the process tool to alter a parameter of an 
instrument to reduce, and even stop, the process. 

An additional embodiment relates to a method for fabricating a semiconductor device, which may include 
disposing a specimen upon a stage. The stage may be disposed within a process tool The stage may be configured 
as described hereui. A measurement device may also be coupled to die process tool In this manner, the stage may 

IS be coupled to the measurenieut device. Hie method may further include forming a portion ot a semiconductor 
device upon the specimen. For example, forming a portion of a semiconductor device may include performing at 
least a stq) of a semiconductor &brication process on die specimen. The mediod for fabricatmg a semiconductor 
device may also include directing light to a sur&ce of the specimen. The mediod may iurdier mctude detecting 
Ught returned from die sui&ce of the specimen during die process. In addition, the method may include goietating 

20 one or more output signals in response to the detected light Furdiecmore, die niediod znay include determining at 
least one characteristic ofthe specimen from die one or more ou^ut signals. The characteristic may include a 
presence, a number, a type, or a location of defects on at least one suz&ce of the specimen, or any combination 
thereof. 

In additional embodiments, the method for fabricating a semiconductor device may include any steps of 
25 the embodiments described herein. For example, the method may include altering a parameter of one or more 

instruments coupled to the process tool in response to the one or more output signals. In this manner, the mediod 
may include altering a parameter of one or more instruments coupled to the process tool using a feedback control 
technique, an in situ control technique, and/or a feedforward control technique. In addition, the mediod may 
include altering a parameter of one or more instruments coi^led to die measurement device in response to die one 
30 or more ou^ut signals. For example, die mediod may include altering a sampling frequency of the measurement 
device in respcmse to die one or more output signals. Fur&ermore, the method may include obtaining a signature 
characteristic of the process. The signature may include at least one smgularity representative of an endpoint of the 
process. Subsequent to obtaining the singularity representative of die endpoint, die mediod may include alterii^ a 
parameter of one or more instruments coupled to the process tool to reduce, and even terminate, the process. 
35 In an embodiment, each of the systems describe above may be coupled to an energy dispersive X-ray 

spectroscopy ("EDS") device. Such a device may be configured to direct a beam of electrons to a surface of the 
specimen. Thespecimenmay emit secondary electrons and a diaiacteristic X-ray in re^oxiset^ 
of electrons. The secondary electrons n:iay be detected by a secondary electron detector and may be converted to 
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electrical signals. The electrical signals may be used for brightness modulatian or amplitode modulation of an 
image of the specimen pr duced by the system. ThecharacteristicX-ray maybe detected by a senuconductorX- 
ray detector and may be subjected to energy analysis. The X-ray spectrum may be analyzed to determine a 
con^sition of material on the specimen such as defects on a smfiice of die specimen. Exan^les of EDS systems 
5 and mefliods are iUustiated in U.S. Patent Nos. 4,559,450 to Robinson et aL, 6,072,178 to Mizuno, and 6,084,679 to 
Stef^ et aL , and aie incoipoiated by lefermce as if folly set forth herein. 



Farther Improvements 

In an enibodimen^ each of the systems, as descaibed herein, may be used to reduce, and even to mimmize, . 

10 widiin wafer (*'WIW'7 variability ofcritical metrics of a process Forexan^le, 

critical metrics of a lithography process may include a property such as, but are not limited to, critical dimensions 
of features formed by &e lithography process and overlay misregistration. Critical metrics of a process, however, 
may also inchide any of fhs properties as described herein including, but not limited to, a presence of defects on the 
specimen, a diin fihn characteristic of ihc specimen, a Hatness measurement of the specimen, an implant 

1 5 chaTactRristic of the specimen, an adhesion characteristic of uie specimen, a cuuccaiiauun of an elements in the 
specim^ Such systems, as described herem, may be configured to determine at least one property of a specimen 
at more tiian one position on die specimen. For exanq>le, the measurement device may be configured to measure at 
least the one property of the specimen at xmilt^le positions within a field and/or at multq)le positions wifhm at least 
two fields on the specimen. The measured property may be sent to a processor, or a within wafer fihn processor. 

20 The processor may be coiq>led to the measurement device and may be configured as described herem. 

In addition, because at least one property of Ihe specimen may be measxired at various positions across the 
specimen, at least one property may be determined for each of the various positions. As such, a parameter of one or 
more instmments coupled to a tool or a process chamber of a process tool may also be altered, as described above, 
independently from field to field on the specimen. For exanq>le, many exposure process tools may be configured 

25 such that die exposure dose and focus conditions of the expose process may be varied across the specimen, Le., 

from field to field. In this manner, process conditions such as e?q>osure dose and/or post exposure bake temperature 
may vary across the specimen in subsequmt processes in response to variations in at least one measured property 
fi:om field to field across the specimen. The exposure dose and focus conditions may be determined and/or altered 
as described herem using a feedback or feedforward control technique. In this manner, critical metrics of a process 

30 such as a li&ography process may be substantially uniform across die specimerL 

In an addition, a temperature of die post exposure bake plate may be altered across die bake plate by using 
a number of discrete secondary heating elements disposed within a primary heating element Secondary heating 
elements may be independently controlled As such, a temperature profile across a specimen during a post 
exposure bake process may be altered such that individual fields on a specimen may be heated at substantially the 

35 same ten^erature or at individually determined teiiQ)eratures. A pressure of a plating head of a chemical 

mechanical polMxng tool may be similarly altered across the plate head in response to at least the two properties 
determined at multiple locations on the specimen. 
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In addition, at least tiic nepaxameter f a process duonber may be altered such limt a fiistpo^ 
specimexL may be processed with a first set of process conditions during a step f the process and such liiat a second 
portion of the specimen may be processed vn&i a second set of process conditions during the step. For example, 
each portion of&especnnen may be a field of the specimea. In this manner, each field of tiie specimen may be 
5 subjected to a different process conditions such as, but not limited to, exposure dose and focus conditions and post 
cxposare ba]» tenq)eratures. As such, because each field of a specimen may be subjected to process conditions tiiat 
may vary dependmg xspm a measured property of die specimen, within wafer variations in critical metrics of the 
process may be substantially reduced, or evennmmnized. 

It is to be understood that all of tiie measurements described above may be used to alter aparameter of a . 
1 0 process chamber using a feedback, a feedforward, or in situ process control technique. In addition, within wafer 
variations of critical metrics of a process such as a hthography process may be further reduced by using a 
combination of the above techniques. 

A system configured to evaluate and control a process using field level analysis as described above may 
provide dramatic inq}rovements over current process control me^ds. Measuring witiiin wafer variability of 
15 critical metrics* or critical dimensions, may pTovidc tighter oontrni of *e critical dimsssion distributicn. In 
addition to inqnroving tiie manufacturing yield, tiierefore, the metiiod described above may also enable a 
manufacturing process to locate tiie distribution performance of manufactured devices closer to a higher 
performance level. As such, the high margin product yield may also be improved by using such a metiiod to 
evaluate and control a process. Furthermore, additional variations in the process may also be minimized. For 
20 example, a process may use two different, but substantiaUy similarly configured process chambers, to process one 
lot of specimens. Two process chambers may be used to perform the same process such that two specimens may be 
processed simultaneously in order to reduce the overall processing time. Therefore, tiie above method may be used 
to evaluate and control each process chamber separately. As such, the overall process spread may also be reduced. 
Data gathered using a system, as described herein, may be analyzed, organized and displayed by any 
25 suitable means. For exan^le, the data may be grouped across &e specimen as a continuous function of radius, 
binned by radial range, binned by stepper field, by x-y position (or range of x-*y positions, such as on a griiQ, by 
nearest die, and/or other suitable methods. The variation in data may be reported by standard deviation fixmi a 
mean value, a range of values, and/or any other suitable statistical method. 

The extent of tiie within wafer variation (such as the range, standard deviation, and tiie like) may be 
30 analyzed as a function of specimen, bt and/or process conditions. Forexaix9>Ie, the widiin wafer standard 

deviation of the measured CD may be analyzed for variation fi-om lot to lot, wafer to wafer, and the like. It nuy 
also be grouped, reported and/or analyzed as a function of variation in one or more process conditions, such as 
develop time, photolithographic exposure conditions, resist thickness, post exposure bake time and/or temperature, 
pre>exposure bake time and/or temperature, and the like. It may also or instead be grouped, reported and/or 
35 analyzed as a function of within wafer variation in one or more of such processing conditions. 

Data gathered using a system, as described hmm, may be used not just to better control process 
conditions, but also where desirable to better control in situ en^inting and/or process control techniques. For 
exanq)le, such data may be used in conjunction with an apparatus such as tiiat set forifa in U.S Patent No. 5,689,614 
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to Gronet et al. and/or Published European Patent Application N . EP 1 066 925 A2, v^liich are incorporated by 
reference as if fully set fortb herein, to inpx)ve the control over localized heating of ^e substrate or closed loop 
control algorithms. Within wafer variation data may be fed forward or back to such a tool to ptimize&e 
algorithms used in control of local specimen heating or polishing, r even to optimize the tool design. In anotiier 
S e3canq>le of such localized process control, witfain wafer variation data may be used to control or optimize a process 
or tool such as that set forth in one or more of Published PCX Patent Applications No. WO 99/41434 or WO 
99/25004 and/or Published European Patent Application No 1065567 A2, which are hereby incorporated by 
reference as if fully set fotHh herein. Again, widun wafer variation data taken, for Gxamplt, fiom stand alone and/or 
integrated measurement tools, may be used to better control and/or optimize tibe algoritibms, process parameters and 
1 0 integrated process control i^yparatuses and mediods in such tools or processes. Data regarding metal thickness and 
its widiin wafer variation may be derived firom an x-ray reflectance tool such as diat disclosed in US Patent No. 
5,619,548 and/or Published PCT Application No. WO 01/09566, which are hereby incorporated by reference as if 
fiilly set forth hereio, by eddy current measurements, by e-beam induced x-ray analysis, or by any other suitable 
method. 

15 As shown in Fig. 9, m embodiiucm of system 70 may have a plurality of measurement devices. Bach of 

the measurement devices may be configured as described herein. As described above, each of the measurement 
devices may be configured to determine a difToent property of a specimen. As such, system 70 may be configured 
to determine at least four properties of a specimeiL For example, measurement device 72 may be configured to 
determine a critical dimension of a specimen. In addition, measurement device 74 may be configured to determine 

20 overlay misregistration of the specimen. In an alternative embodiment, measurement device 76 may be configured 
to determine a presence of defects such as macro defects on tiie specimen. In addition, measurement device 76 may 
be configured to determine a mnnber, a location, and/or a type of defects on the spedmert Furthennore, 
measurement device 78 may be configured as to determine one or more thin filin characteristics of the specimen 
and/or a layer on the specimen. Exanq)les of thin filtn characteristics include, but are not limited to, a tiiickness, an 

25 index of refiaction, and an extinction coe£Bcient In addition, each of the measurement devices may be configured 
to determine two or more properties of a specimen. For exanq>le, measurement device 72 may be configured to 
determine a critical dimension and a thin film characteristic of a specimen substantially simultaneously or 
sequentially. In addition, measurement device 72 may be configured to determine a presence of defects on the 
specimen. As such, system 70 may be configured to determine at least four properties of the specimen 

30 simultaneously or sequentially. 

System 70 may be arranged as a cluster tool An exan:q>le of a configuration of a cluster tool is illustrated 
in Fig. 14. For exanq)le, each of the measurement device described herein may be disposed in a measurement 
chaniber. Each of the measurement chamber may be disposed proximate one another and/or coupled to each otiier. 
In addition, system 70 may include a wafer handler. The wafer handler may include any mechanical device as 

35 described herein. The system may be configured to receive a plurahty of specimen to be measured and/or inspected 
such as a cassette of wafers. The wafer handler may be configured to remove a specimen from the cassette prior to 
measurement and/or inspection and to dispose a specimen into the cassette subsequent to measurement and/or 
inspection. The wafer handler may also be configured to dispose a specimen witiiin each measurement chamber 
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and to remove a specimen &om each measurement chamber. In addition, the system may inchide a pbrality of 
such wafer handlers. Hie system may be ^ir&er configured as described widx reference to Fig. 14. In addition, ^e 
system may be configured as a stand-alone metrology and/or inspection system. In this manner, &e system may 
not be coqpled to a process tool. Such a system zoay provide advantages over a similaily configured integrated 
S tool For exaii^le, such a system may be designed to be fester and cheaper lhan a similarly c^ 

tool because there may be less physical and mechanical constraints for a stand-alone system versus an integrated 
system. System 70 may be further configured as described herein. 

In an embodiment; a system may be configured to determixie at least two properties of a 'specimen 
including a thickness of a layer formed on the specimen and at least one additional property such as an index of 

10 refraction, a velocity of sound, a density, and a oitical dimension, which may include a profile, of a layer or a 
feature formed upon the specimen. The specimen may include a structure such as single layer or multiple layers 
formed upon the specimen. In addition, the single layer or multq)ie layers formed on the specimen may include, 
but are not limited to, any combination of substantially transparent, semi-tiansparent, and opaque metal films. The 
specimen may also be a blanket wafer or a patterned wafer. As used herein, the temi, "blanket wafer," generally 

1 5 refers to a v/afcr havi:ig at least an upper layer mat may uOt have uccn subjected tu a liihogiapay process. In 

contrast, as used herein, Ihe tenn, '^patterned wafer," genially refers to a wafer having at least an upper layer tiiat 
may be pattemed by, for exano^le, a lithography process and/or an etch process. 

The system may be configured as described herein. For exanqile, the system may include a processor 
coupled to two or more measurement devices. The processor may be configured to determine atleastafhickness of 

20 ihe specimen and/or a layer on the specimen and at least one additional property of Ihe specimen and/or a layer on 
the specimen from one or more output signals generated by tiie measurement devices. In addition, fbs processor 
may be configured to determine other properties of the specimen fi:om the one or more output signals. In an 
embodiment, the measmement device may include, but is not limited to, a small-spot photo-acoustic device, a 
grazing X-ray reflectometer, and a broadband small-spot spectroscopic ellipsometer. Exanoples of photo-acoustic 

25 devices are illustrated in U.S. Patent Nos. 4,710,030 to Tauc et al., 5,748,3 1 8 to Maris et al, 5,844,684 to Maris et 
al, 5,684,393 to Maris, 5,959,735 to Maris et al., 6,008,906 to Maris, 6,025,918 to Maris, 6,175,416 to Maris et aL, 
6,191,855 to Maris, 6,208,418 to Maris, 6,208,421 to Maris et aL, and 6,21 1,961 to Maris, Mdiich are incorporated 
by reference as if fiilly set forth hereia The system may also include a pattern recognition system tiiat may be used 
in conjunction with the above devices. 

30 In this manner, (he measurement device may be configured to function as a single measurement device or 

as multiple measurement devices. Because multiple measurement devices may be integrated mto a single 
measurement device of the system, at least one element of a first measurement device, for example, may also be at 
least one element of a second meastn:ement device. In addition, it may be advantageous for additional elements 
such a handling robots, stages, processor, and power supplies of a first measurement device to be used by a second 

3 5 measurement device. The system may also include an autofocus mechanism that may be configured to bring a 
specimen substantially into focus (i.e., to approximately a correct height) for a first measurement device, and then 
for a second measurement device. An example of an autofocus mechanism is shown in Fig. 1 lb, as autofocus 
sensor 124. An additional example of an autofocusing ^aratus is illustmted in U.S. Patent No. 6,172,349 to Katz 
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et aL, which is incoipoiated by reference as if fully set f rdi herein. The system, the measurement device, and Ihe 
processor may be furflier configured as descnbed herein. 

Appropriate combinations of devices included in &e measurement device may inchide. for exan:q)le, a 
small-spot photo-acoustic device and a grazing X-ray reflectometer or a small-spot photo-acoustic device aiul a 
5 broadband small-spot spectroscopic ellq)somBter. For example, a photo-acoustic device may provide 

measurements of layers having diickness of less ftan about a few hundred angstroms while a grazing X-ray 
reflectometer may provided measurements of ]aym having thicknesses in a range from about 5 0 angstroms to 
about 1000 angstroms. £llq>sometric techniques, especially broadband ellq)sometry, may provide measurements of 
metal and semi-metaUic layers having thicknesses of less than about 500 angstroms because at such diicknesses 
1 0 even metal may allow some light to pass through the layer. In addition, ell^sometric techniques may also provide 
measurements of transparent layers having thicknesses from about 0 angstroms to a few microns. As such, a 
system, as described herein, may provide measurements of layers having a broad range of thicknesses and 
materials. 

In addition, such a system may be coupled to a chemical-mechanical polishing tool as descnbed herein. 

1 5 Furthermore, the system, may be coupled to or auBnged ^loxhmsis a chsnxicsl-mechssical polishing tool such that 
die system may determine at least two properties of a specimen, a layer of a specim^ and/or a feature formed on 
the specimen siibsequent to a chemical-inechanical polishing process. For exan^>le, a feature formed on tbe 
specimen may include a relatively wide metal line. Such a relatively wide metal line may include, for exan^le, a 
test structure formed on liie specimen. In tiiis manner, one or more of tiie determined properties of the test structure 

20 may be correlated (experimentally or theoretically) to one or more properties of a feature such as a device structure 
formed on the specimeit In addition, at least a portion of the specimen may include an exposed dielectric layer. 
Alternatively, the system may be coupled to any otiier process tools as described hereiiL 

An appropriate spectroscopic ellipsometer may include a broadband light source, which may include one 
or a combination of light sources such as a xenon arc lanq), a quartz-halogen lan^, or a deuteriimi lamp. The 

25 ellipsometer may have a relatively high angle of incidence. For exartqile, the angle of incidence may range from 
iqpproximately 40 degrees to approximately 80 degrees, to the normal to die surface of the specimen. The 
spectroscopic ell^someter may include an array detector such as a silicon photodiode array or a CX^ array, which 
may be back thinned. 

It may also be advantageous for die spectroscopic ellipsometer to include one or more fiber optic elements. 

30 For example, a first fiber optic element may be configured to transmit light from die light source to a first 

polarizing element For exaiiq>le, such a fiber may ensure that the Ught is randomly polarized or depolarized. The 
spectroscopic ellipsometer may also include a second fiber optic element configured to transmit light to a 
spectrometer from an analyzer assembly. In this manner, the fiber optic element may be configured to alter, or 
"scramble," a polarization state of light from die analyzer assembly such that die signal may not need correction for 

35 the polarization sensitivity of die spectrometer. In addition, or alternatively, the second fiber optic element may be 
configured to alter die polarization state of die Hght such tiiat the spectrometer may be convenientiy located at some 
distance from the specimen. The fiber optic element may, preferably, be made of fiised silica or sqiphire such that 
the fiber optic element may be transmissive at ultraviolet wavelengdis. 
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Hie fiist polarizer may include a linear polarizxng element such as a Rochon piism or a WoUaston prism 
and, optionally, a retarder (Le*, a conq)ensator). The analyzer assembly may include a linear polarizing element 
and, optionally, a retaider. At least one f tiie linear polarizing elements may rotate contimiously ^en making 
measurements. For calibration, at least two elements wiU be rotated erdiercoritinuously or in a se^ 
S steps. 

The spectroscopic el]q)someter may fivtiier include reflective or refractive optics (or combinations 
Hiaeof) configured to focus the light to a small spot on the specimen and to collect the light from the specimen. 
Any refractive conqKments may, preferably, be made from fused SiOj or CaF, for relatively good ultraviolet 
transmission. Any reflective conq>onents may, preferably, be coated wi& Al for relatively good broadband 

10 transmission. Typically, a thin overcoat of MgFj or SiOj may be formed over &e Al to reduce, and even eliminate, 
oxidation of the Al. The reflective coziq)onents may be spherical or asphericaL Diamond turning may be a 
convenient and well-known technique for making aspheric mirrors. For vacuum conditions such as conditions 
suitable for ultraviolet light having wavelengflis in a range of less than about 190 nm, gold or platmum may be a 
suitable coating material The spectroscopic ellipsometer may be further configured as described herein. 

1 3 in ij>wiiT> o#iiTn i^jv ^ 2, spectrcsccpic ellxpscrzMter may be coupled to a lithography track. The litlicgrMphy 

track may be configured as illustrated in Fig. 13 and as described herein. Hie spectroscopic ellq)someter may be 
configured as in any of die embodiments described herein. A processor may be coupled to die spectroscopic 
ell^someter. Hie processor may be configured to detemoine at least one property of the specimen including, but 
not limited to, a critical dimension, a profile, a thickness or other Ihin film characteristics of die spedmen, a layer 

20 formed on the specimen, and/or a feature formed on the specimen from one or more output signals generated by the 
spectroscopic ellq)someter. In addition, die spectroscopic ell^someter may be coiq>led to the litiiography track as 
described herein. For exanq)le, the spectroscopic ellipsometer may be coupled to a process chamber of the 
lithography track such that die spectroscopic ellipsometer may direct light toward and detect light retumed from a 
specimen on a support device in the process chamber. In addition, the spectroscopic ellipsometer may be 

25 configured to direct light toward and detect light retumed from the specimen while the support device is spinning. 
Furdiennore, the spectroscopic ellipsometer may be configured to direct light toward and detect Hght retumed from 
the specimen during a process being performed in the process chamber. Hie process may include, but is not limited 
to, a resist apply process, a post apply bake process, and a chill process. 

Alternatively, die spectroscopic ellipsometer may be disposed within the lidiography track. For exan^le, 

30 the spectroscopic ellipsometer may be disposed above a chill chamber, in an integration system, or laterally 

proximate or. vertically proximate to a process chamber of the lithogFE^hy track. An integration system may be 
configured to coi^le a lifhogr^hy track to an exposure tool. For example, the integration system may be 
configured to receive a specimen from the lithography track and to send the specimen to the exposure tool. In 
addition, the integration system may be configured to receive or remove a specimen from the exposure tool and to 

35 send the specimen to the lidiography track. The integration system may also include one or more chill plates and a 
handling robot In this manner, the system may be configured to determine at least one property of die specimen at 
various points in a hthography process such as prior to an exposure step, subsequent to the e?q>osure step, and 
subsequent to a develop step of the process. 
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The spectroscopic eliipsometer may or may n t be disposed within a measurement chamber as described 
above. For exanople, in an alternative embodiment, &e spectroscopic eliipsometer may be coupled to a robotic 
wafer handler f the lithography track. In this manner, &e spectroscopic eliipsometer may be configured to direct 
light toward and detect light returned from the specimen prior to or subsequent to a process such prior to exposure, 
S subsequent to exposure, or after develop. For exanq>le, subsequent to exposure, the spectroscopic eliipsometer may 
be configured to generate one or more ou^nit signals responsive to a critical dimension, a profile, a tinckness or 
oflier flun film characteristics of a latent image formed on the spechnen by the es^osure process. 

An environment widiin the track may be controlled by chemical filtration of atmospheric air or by feeding 
a supply of suffici^itly pure gas. For example, the environment wiOin the track may be controlled such tiiat levels . 

10 of chemical species mchiding, but not limited to, ammonia and amine-groiq>-containing compounds, water, carbon 
dioxide, and oxygen may be reduced. la addition, liie environment wiflun the trade may be controlled by a 
controller conQ>uter such as controller computer 162, as illustrated in Fig. 14 coupled to the ISP system. The 
controller con^uter may be further configured to control additional environmental conditions witiiin the track 
including, but not limited to, relative humidity, particulate count, and temperature. 

15 Tne spectroscopic eliipsometer may be configured as described herein. For exanq)le, an appropriate 

spectroscopic eliipsometer may include a broadband hght source, which may include one or a combination of light 
sources such as a xenon arc lanq), a quartz-halogen lan^, or a deuterium lamp. The ell^)someter may have a 
relatively high angle of incidence. For exanqile, the angle of incidence may range fiom approximately 40 degrees 
to approximately 80 degrees, to die normal to the surface of fiie specimen. Hie spectroscopic ellq)Someter may 

20 include an array detector such as a silicon photodiode anay or a CG!> array, which may be back thinned. 

It may also be advantageous for the spectroscopic ell^>someter to include one or more fiber optic elements. 
For exan^le, a first fiber optic element may be configured to transmit light firom die ligiht source to a first 
polarizing element For exan^)le, such a fiber may ensure that the light is randomly polarized or depolarized. Ihe 
spectroscopic eliipsometer may also include a second fiber optic element configured to transmit light to a 

25 spectrometer firom an analyzer assembly. In this manner, die fiber optic element may be configured to alter, or 

"scramble," a polarization state of light fiom the analyzer assembly such that the signal may not need correction for 
the polarization sensitivity of the spectrometer. In addition, or alternatively, die second fiber optic element may be 
configured to alter the polarization state of die light such diat die spectrometer may be convenientiy located at some 
distance firom the specimen. Ibe fiber optic element may, preferably, be made of fiised silica or sapphire such that 

30 the fiber optic element may be transmissive at ultraviolet wavelengdis. 

The first polarizer may mchide a linear polarizmg element such as a Rochon prism or a WoUaston prism 
and, optionally, a retarder (ie., a conq)ensator). The analyzer assembly may include a linear polarizing element 
and, optionally, a retarder. At least one of die linear polarizing elements may rotate conthmously when making 
measurements. For calibration, at least two elements will be rotated eidier continuously or in a series of discrete 

35 steps. 

The spectroscopic eliipsometer may ftirther include reflective or refiractive optics (or combinations 
thereof) configured to focus the Hght to a small spot on the specimen and to collect the light from the specimeiL 
Any refiractive components may, preferably, be made fi:om fused SiOj or CaFj for relatively good ultraviolet 



138 



4 



WO 02/25708 PCTAJSOl/42251 
transmission. Any reflective conq)onents may, preferably, be coated witti Al for relatively good broadband 
traosmission. Typically, a thin overcoat f MgFj or SiO^ may be formed over the Al to redoce, and even eliminate, 
oxidation of the Al. The reflective components may be spherical rasphericaL Diamond turning may be a 
convenient and well-known technique for making aspheric rnxxrors. For vacuum conditions such as conditions 
S suitable for ultraviolet light having wavelengflis m a range of less than about 190 nm, gold or plathmm may be a 
suitable coatmg material The spectroscopic ell^psonieter may be furtii^ configured as descii^ 

In addition, the processor may be configured to conqiare one or more output signals from the 
spectroscopic ell^someter witii one or more predetermined tables tiiat may include expected output signals versus 
wavelength for different characteristics and, possibly, iiiterpolated data betwm . 

10 wavelengdi. Alternatively, the processor may be configured to perform an iteration using one or more starting 

guesses Ihrou^ ^ssibly approximate) equations to converge to a good fit for one or more output signals firom the 
spectroscopic ellipsometer. Suitable equations may include, bnt are not limited to, any non-linear regression 
algoritiun known in the art 

Alternatively, the spectroscopic ellipsometer may be configured to image approximately all, or an area of, 

15 z specimen onto a one-dsmcxisionHi cr trr o-d i m c^risioiial detector* In this njaoiLcr, LQultipIc locauoiis ou uic 
spechnen may be measured substantially shnultaneously. In addition, the spectroscopic ellipsometer may be 
configured to measure mult^le wavelengths by sequentially chaii^ging wavelength with filters, a monochromator, or 
by dispersing the light For example, the tight may be dispersed witii a prism or grating in one dimension on a two- 
dimensional detector while one dimension of tiie specinoen is being imaged in the other dimension. 

20 hi an embodiment, a system may be configured to determine at least two properties of a specimen 

including a tiiickness of the specimen and/or a layer formed on the specimen, a feature formed on the specimen and 
an additional property such as a lattice constant, residual stress, average grain size, crystallinity, crystal defects, an 
index of reflection, a velocity of sound, a density, and a critical dimension, which may include a profile, of a layer 
or a feature formed upon the specunQ[L The specimen may include a single layer or multiple lay^!s formed upon 

25 the specimen- In addition, the single layer or multq)le layers formed on the specimen may include, but are not 

hmited to, any combination of transparent, semi-transparent, and opaque metal films. The specimen may also be a 
blanket wafer or a patterned wafer. 

The system may be configured as described herein. For example, the system may include a processor 
coupled to a measurement device and configured to determine at least a thickness of the specimen and/or a layer on 

30 the specimen and an additional property of a layer on the specimen and/or a feature formed on tiie qiecimen fiom 
one or more output signals generated by tiie measurement device. In addition, the processor may be configured to 
determine other properties of tiie specimen from tiie one or more output signals. In an enabodimen^ the 
measurement device may mclude, but is not limited to, a grazing X-ray reflectometer, an X'-ray reflectometer such 
as a grating X-ray reflectometer, and/or an X-ray diffiractometer. The measurement device may also include a 

35 pattern recognition system that may be used in conjunction with the above devices. 

An X-ray reflectometer may be configured to perform an X-ray reflectance technique as described hereiiL 
An X-ray dif&actometer may be configured to perform X-ray dififraction. X-ray diffraction involves 
coherent scattering of x-rays by polycrystalline materials. The x-rays are scattered by each set of lattice planes at a 
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characteiistic angle, and the scattered intensity is a function of tiie atoms ^^ch occupy ^se planes. X-ray 
dif&action peaks may be produced by constmctive interference of a monochromatic beam scattered from each set 
of lattice planes at specific angles. The peak intensities are determined by atomic aixangement widiin the lattice 
planes. In this mann^, tiie scattering from all the different sets f planes results in a pattern, which is unique to a 
5 given confound, addition, distortions in the lattice planes doe to stress, sohdsototion, ore 

measure. The scattered x-rays ixmy be detected and one or more output signab responsive to the intensity 
scattered x-rays may be generated. The one or more ou^ut s^nals may be used to obtain one or more properties of 
a layer on a specimen or a spedmen. An advantage of X-ray diffiaction is tiiat is a substantially non-destmctive 
technique. CommerciaUy available X-ray diffiaclometers an avaihble fix>m, fcxr 

10 Wisconsin and Rigaku USA, Inc., Ihe Woodlands, Texas. 

In an embodiment, an X-ray dif&actometer may be coupled to a process tool configured to grow an 
epitaxial layer of silicon on a specimen such as a wafer. Epitaxy is a process in which a relatively thin crystalline 
layer is grown on a crystalline substrate. An epitaxial layer of silicon, \sdiich may be commonly referred to as 
"epitaxy** or "epi,** may be a layer of extremely pure silicon or silicon-germanium formed on a sihcon containing 

15 substrate. Ihekyer may be grown to foma a substantiaiiy uniform crystaiiinestni^^ mepiiaxial 
growth, the substrate acts as a seed crystal, and die epitaxial film diq>licates the structure (orientation) of ±e ciystaL 
Epitaxial techniques include, but are not limited to, vapor-phase epitaxy, liqoid-phase epitaxy, solid-phase qiitaxy, 
and molecular beam epitaxy. A ttdckness of the epitsadal layer during an epitaxy process (ie., a growth rate) may 
vary over time depending upon, for exanq)le, chemical source, deposition texoperature, and mole fraction of the 

20 reactants. Exan^les of appropriate chemical sources include, but are not limited to, silicon tetrachloride (*^iCl4'^, 
trichlorosilane C'SinQj'*)* dichlorosilane (' 'SiHjClj")) silane ("Si^i"). Exanq)les of qspropriate ten^eratures 
for an epitaxy process may range from about 950 °C to about 1250 °C. An appropriate temperature may be higher 
or lower, however, depending upon, for exan^jle, die chemical source used for die epitaxy process. Such process 
tools are commercially available from Applied Materials, Inc., Santa Clara, California. The X-ray dif&actometer 

25 may be configured as described above. 

The X-ray diffiactometer may be coupled to die process tool accordii^ to any of the embodiments 
described herein. For exanq>le, an X-ray diffractometer may be coupled to a process chamber of the epitaxial 
process tool or may be disposed proximate to the process chamber in a measurernent chamber. Inaddition,a 
processor may be coupled to the X-ray diffractometer and die process tool The processor may be frirfher 

30 configured as described above. 

In this manner, the measurement device may be configured to function as a single measurement device.or 
as multiple measurement devices. Because multiple measurement devices may be integrated into a single 
measurement device of the system, elements of a first measurement device, for example, may also be elements of a 
second measurement device. In addition, it may be advantageous for additional elements such a handling robots, 

35 stages, processor, and power supplies of a first measurement device to be used by a second measurement device. 
The measurement device may also include an autofocus mechanism that may be configured to bring a spechnen 
substantially into focus (i.e., to ^^proximately a conect height) for a first measurement device, and dien for a 
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second measurement device. The system, the measurement device, the autofocus mechanism, and die processor 
may be furfiier configured as described herein. 

In addition, such a system may be coupled to a process tool inchiding, but not liimted to, a chemical- 
mechanical polishmg tool, a deposition tool such as a physical vapor deposition tool, a plating tool, and an etch 
5 tool The system may be coiq>led to Reprocess tool as desoibedhaein. Fuil h enn or e, the system may be coiyled 
to or disposed proximate to a process tool such that flie system may determine at least two properties of a specimen, 
a layer of a specimen, and/or a feature formed on die specimen prior to, during, or subsequent to a process. 

In an embodiment, a system may be configured to determine at least two properties of a specimen 
including an electrical property such as a capacitance, a dielectric constant, and a resistivity of the specimen and/or , 
10 a layer on tbe specimen and a tiiin film characteristic of the specimen and/or a layer on die specimen. The thin film 
characteristic may include any of the characteristics as described herein. The specimen may include a wafer or a 
dielectric material disposed upon a wafer or another substrate. Examples of appropriate dielectric materials 
include, but are not limited to, gate dielectric materials and low-k dielectric materials. Typically, low-k dielectric 
materials include materials having a dielectric constant less than about 3.8, and high-k materials include materials 
15 baling a dielectric constant greater ftssn, about 4.5. 

The system may be configured as described herein. For example, the system may include a processor 
coupled to a first measurement device and a second measurement device and configured to detemune at least a diin 
film characteristic of die specimen and/or a layer on the specimen fiom one or more ou^ut signals of the first 
measurement device and an electrical property of the specimen and/or a layer on die specimen firom an output 
20 signal ofdie second measurement device. In addition, die processor may be configured to determine other 

properties of the specimen fiom the one or more output signals. For exaizq)le, the processor may also be used to 
determine additional properties of the specimen including, but not limited to, a characteristic of metal 
contamination on the specimen. In an embodiment, the first measurement device may include, but is not limited to, 
a reflectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic ellipsometer, a beam profile 
25 ellipsometer, a photo-acoustic device, an eddy current device, an X-ray reflectometer, a grazing X-ray 

refiectometer, and an X-ray difi&BCtometer and a system conSgared to measure an ehctncal property of the 
specimen. The system, the first measurement device, and die processor may be fiirtiier configured as described 
herein. 

Such a system may be coupled to a process tool such as a deposition tool including, but not limited to, a 
30 chemical vs^r deposition too], an atomic layer deposition tool and a physical vapor deposition tool, a plating tool, 
a chemical-mechanical polishing tool, a diermal tool such as a furnace, a cleaning tool, and an ion inq>lanter, as 
described herein. Such a system may also be coupled to an etch tool. In this manner, at least the two properties 
may be used to determine an amount of plasma damage caused to the specimen and/or a layer on the specimen 
during an etch process performed by die etch tool. For example, plasma damage may include, but is not limited to, 
35 roughness and pitting of a specimen or a layer on a specimen generated during an etch process. 

The second measurement device may be configured to measure an electrical property of the specimen as 
illustrated, for example, in U.S. Patent Application entitied "A Method Of Detecting Metal Contamination On A 
Semiconductor Wafer," by Xu et al, filed May 10, 2001, which is incoiporated by reference as if fiiUy set fordi 
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herein. For exainple, a specimen imy be placed into a wafer cassette, whi(^ The 
system may incbide a robotic handler, which may be configured as described herein. The system may also include 
a pre-aligner HhsA may be configured to alter a position of a specimen. For exanq>le, a pre-aHgner may be 
configured to alt^ a position f the specimens such the orientation f each specimen may be substantially fte same 
S daring processing. Alternatively, the pte-alagnex may be configured to detect an alignment made formed on a 

specimen and to alter a position of the specimen such that a position of Ate alignment marie may be substantially the 
same as a predetennined position. 

In an embodiment, die second nieasuzement device may also include an oven tiiatm used to anneal a 
specimen. The oven niay be configured to heat the spedinen to a temperature, for exaxnple,o^ 

10 approximately 1100 °C. The oven may also be configured to drive the metal oontaniination into a dielectric 

material of die specimen or into a semiconductor substrate of the specimen. Ihe second measurement device may 
also include a cooling device configured to reduce a temperature of the specimen subsequent to die annealing 
process. The cooling device may include any such device known in die art such as a chill plate. 

In an embodiment, die second measurement device may include a device configured to deposit a charge on 

1 5 sn upper surfscs cf the spccnucii. The device may include, for cxan^lc, a nonrvontaCi eoroiia choigmg dcvicc such 
as a needle corona source or a wire corona source. Additional exanqiles of non-contact corona charging devices are 
illustrated in U.S. Patent Nos. 4,599,558 to Castellano et aL, 5,594,247 to Verimil et al., 5,644,223 to Veriaiil, and 
6,191,605 to Miller et aL, which are incorporated by reference as if fully set forth herein. The deposited charge 
may be positive or negative dq)ending on the parameters of the device used to deposit die charge. The device may 

20 be used to deposit a charge on predetermined regions of die specimen or on randomly determined regions of the 
specimen. In addition, the device may also be used to deposit a diarge on a portion of the specimen or on 
substantially the entire specimen. 

In an embodiment, the second measurement device may also include a sensor configured to measure at 
least one electrical property of die charged \ipper surface of the specimen. The sensor may be configured to operate 

25 as a non-contact work function sensor or a surface photo-voltage sensor. The non-contact work function sensor 

may include, e.g., a Kelvin probe sensor or a Monroe sensor. Additional examples of work function sensors, which 
may be incorporated into die system, are iUustrated in U.S. Patent Nos. 4,8 12,756 to Curtis et al., 5,485,091 to 
Verkuil, 5,650,73 1 to Fung, and 5,767,693 to Verkuil and are incorporated by reference as if fully set forth hereiiL 
The sensor may be used to measure electrical properties, ^^ch may mclude, but are not limited to, a tunneling 

30 voltage, a surface voltage, and a surfiice voltage as a fimction of time. The second measurement device may also 
include an illununation syst^ diat may be configured to direct a pulse of light toward die specimen and diat may 
be used to generate a surface photo-voltage of the specimea As such, an electrical property that may be measured 
by the sensor may also include a surface photo-voltage of die specimen. The system may further include a movable 
chuck configured to alter a position of the specimen under the device, under die illumination system, and under the 

35 sensor. As such, the second measurement device may be used to measure an electrical property of die specimen as 
a function of time and position of the specimen. 

In an additional embodiment, the system may also include a processor diat may be configured as described 
herein and may be used to monitor and control operation of the oven to heat the specimen to an aimeal ten^erature. 
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Hie processor may also be configured to monitor and control tbe operation of the device to deposit a charge on an 
upper surface f ib& specimen. Additi nally, die processor may be furtiier configured to monitor and control tbe 
operation of Ihe sensor to measure an electrical property of the specimen. The measured electrical property may 
inchide a sur&ce voltage f a dielectric matmal formed on &e specimen, which may be measured as a fimction of 
5 time. The second nxeasureniient device may be configured to generate one or more ou^utsignakiesp 

measured electrical property. The processor may be configured to use one or more output signals fiom ^ second 
measurement device to determine at least one property of tfie specimen such as a resistivity of the dielectric 
matetiaL The lesistfyity of the dielectric material niay be deterinined by using the foUo^ 

10 Pdieieetric ^ -V/ffdV/dt) e eQjy 

where pdielectric is resistivity of the dielectric material, Kis the measured surface voltage of the dielectric 
material, r is &e decay time, e is the dielectric constant of die dielectric material, and eg is the vacuum permittivity. 
A characteristic of metal contamirtation in the dielectric material may also be a function of the resistivity of die 

15 dielectric xnateriaL 

Furthermore, the processor may be used to determine a characteristic of die metal contamination in die 
specimen. The characteristic of the metal contamination in the specimen may be determined as a fimclion of the 
measured electrical property. In addition, die processor may also be configured to monitor and control an 
additional device of the operating system including, but not limited to, a robotic wafer handler, a pre-aligner, a 

20 wafer chuck, and/or an lUuniination system. 

In an embodiment, each of the systems described above may be coupled to an secondary electron 
spectroscopy device. Such a system may be configured to determine material composition of a specimen by 
analyzing secondary electron emission from die specimen. An cxan:q>le of such a device is illustrated in PCX 
Application No. WO 00/70646 to Shachal et aL, and is incorporated by reference as if fully set fordi hereiiL 

25 In an additional einbodiment, more than one system described hssstm may be coupled to a semiconductor 

^rication process tooL Each of die systems may be configured to determine at least two properties of a specimen 
during use. Furdiermore, each of die systems xnay be configured to determine at least two substantiaUy si 
properties or at least two different properties. In this manner, properties of a plurality of specimens may be 
determined substantially simultaneously and at multiple points throughout a semiconductor febrication process. 

30 In a further embodiment, each of the systems described herein may be coupled to a stand alone metrology 

and/or inspection system. For example, each of die systems described herein may be coupled to a stand alone 
metrology and/or inspection system such diat signals such as analog or digital signals may be sent between the 
coupled systems. Each of the systems may be configured as a single tool or a cluster tool that may or may not be 
coiQ)led to a process tool such as a semiconductor fabrication process tool. The stand alone metrology and/or 

35 inspection system may be configured such diat die stand alone system may be calibrated with a calibration 

standard An appropriate calibratioastaridardriiayixickide any calibration standard Im^ Ihestand 
alone metrology and/or inspection system may be configured to calibrate the system coupled to the stand alone 
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In addition, &e stand aloxie metrology and/or inspecti nsystemmaybecoiq>led to a plurality fsystems 
as described herein. In tibis manner, the stand alone metrology and/or inspection system may be configured to 
calibrate the plurality of systems coi^led to the stand alone system. For exaixq>le, a plurality of systems may 
include single tools and/or cluster tools incorporated within the same manu&cturing and/or research and 
S development fecility. EadioflhepluraUtyof systems may be coofiguied to detCTune the same at least 

characteristics of a specimeiL addition, each ofthepluralifyofsysteinsn:iay be configured to determiiiBa^ 
two characteristics of substantially die same type ofspecimen such as specinaens upon which a substantially similar 
type of semiconductor device may be formed. For ez8nq>]e, each ofthe plurality of systems may be incorporated 
into the same type of product line in a manu&cturing facility. 

10 In addition, the stand alone metrology and/or inspection system may be configured to caHbrate each of the 

plurality of systems using the same calibration standard. As such, a plurality of metrology and/or inspection 
systems in a manufacturing and/or research and development facility may be calibrated using iht same calibration 
standard. In addition, the stand alone metrology and/or inspection system may be configured to generate a set of 
data. The set of data may include output signals firom a measurement device of a system and characteristics of a 

15 spe^irnen determined by a processor of the s>'stCT using ^ccutiratsig^ The set ofdsta may also include ou^ut 
signals and determmed characteristics corresponding to the ou^ut signals that may be generated by using a 
plurality of systems as described herein. Therefore, tiie set of data may be used to calibrate and/or monitor the 
performance of a plurality of systems. 

In an additional embodiment; each of the systems, as described herein, may be coiq>led to a cleaning tool 

20 A cleaning tool may include any tool configured to remove unwanted material fiom a wafer such as a dry cleaning 
tool, a wet cleaning tool, a laser cleaning tool, and/or a shock wave cleaning tool. A dry cleaning tool may include 
a dry etch tool, which may be configured to expose a specunen to a plasma. For example, resist may be stripped 
from a specimen using an oxygen plasma in a plasma etch tool An appropriate plasma may vary depending upon, 
for example, the type of material to be stripped firom a specimen. Ihe plasma etch tool may be further configured 

25 as described herein. Dry cleaning tools are commercially available fiom, for example, AppUed Materials, Inc., 
Santa Claxa, CaHfomia. A wet cleaning tool may be configured to submerge a specimen in a chemical solution, 
which may mchide, but is not lunited to, a sulfimc-acid mixture or a hydrofluoric acid mixture. Subsequent to 
exposure to &e chemical solution, the specimen may be rinsed with de-ionized water and dried. Wet cleaning tools 
are commercially available fiom, for example, FSI International, Inc., Qiaska, Minnesota. An exan^le of a laser 

30 cleaning tool is illustrated in Xhonically Assisted Laser Removal of Photoresist and Particles finm Semiconductor 
Wafers," by Genut et aL of Oramir Semiconductor Equipment Ltd., Israel, presented at the 28^ Annual Meeting of 
the Fine Particle Society, April 1-3, 1998, which are incorporated by reference as if fully set forth herein. An 
exan^le of a shock wave cleaning tool is illustrated in U.S. Patent No. 5,023,424 to Vaught, which is incorporated 
by reference as if fully set forth herein. 

35 In a further embodiment, each of the systems, as described herein, may be coi^led to a thermal tool such 

as a tool configured for rapid ttiermal processing (**RTP") of a wafer. A rapid tiicrmal processing tool may be 
configured to subject a specimen to a relatively brief, yet highly controlled thermal cycle. For example, the RTP 
tool may be configured to heat a specimen to over approximately 1000 in under approximately 10 seconds. 
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RTPinay be used maMy for modifying propel rafilmf<mned<mtq>eciDieQfoiinedby^ 
processes. For example, RT? may be commonly used for annealings wbidk may activate and control the movement 
ofatoms in a specimen after implanting. Anotber comoKm use is for siliddation, which may form silioon- 
containing confounds with metals such as tungsten or titanium. A tfiird type ofRTPanilication is oxidation. 
5 ^ch may involve growing oxide on a q)ecimen audi as a silicon wafer. R1T tools are commercially available 
fiom. for exanq>le, Am^lied Materials, Inc., Santa dara, California. 

In an embodiment, each of the processors described above inchiding a local processor, a remote controller 
con^uter, or a renoote controller conqmter coupled to a local processor may be configured to perform a conqnter 
integrated manufacturing technique as ilhistrated in European Patent Application EP 1 072 967 A2 to 

1 0 Arackaparambil ct al., which is incorporated by reference as if fully set forth herein. 

In a further enibodiment, each of the processors as described herein may be configured to automatically 
generate a schedule for wafer processing widiin a multichamber semiconductor wafer processiqg tool as illustrated 
m U.S. Patent Nos. 6,201,999 to Jevtic, 6,224,638 to Jevtic, and PCT Application No. WO 98/57358 to Jevtic, 
which are incorporated by reference as if fuDy set fordi herein. In addition, each of die systems as described herein 

IS may include a multiple blade wafer handler. A processor as described herein may be configured to control Ae 
multiple blade wafer handler. Each of the processors as described herein may be configured to assign a priority 
value to process chambers and/or measurement charhbers of a cluster tool such as a process tool or a measurement 
and/or inspection system. One or more measurement chambers may be coupled to a process tool according to any 
of the embodiments as described herein. Each of the processors as described herein may also be configured to 

20 assign a priority to measurement chanibers of a cluster tool such as a metrology and/or inspection system. 

The processor may be configured to control the mult^le blade wafer handler such that die multiple blade 
wafer handler may be configured to move a specimen fiom chamber to chamber according to the assigned 
priorities. The processor may also be configured to determine an amount of time available before a priority move is 
to be performed. If the detennined amount of tone is sufficient befm a priority move is to be performed 

25 processor may control die multq>le blade wafer handler to perform a non-priority move while waiting. For 

exan^le, if the determined amount of time is sufficient before a process step is to be performed on a specimen, dien 
the rnultiple blade wafer handler may move die specirnen to a ineasurerrientchariiber. In this mannar, a system as 
described herein may be configured to determine at least two properties of a specimen wtalc the specimen is 
waiting between process steps. The processor may also be configured to dynamically vary assigned priorities 

30 depending upon, for example, the availability of process and/or measurement chambers. Furthermore, the 
processor may assign priorities to the process and/or measurement chambers based upon, for example, a time 
required for a wafer handler to move die wafer in a particukr sequence. 

In addition, each of die processors as described herein may be configured to use "options," which may 
correspond to optional components of a process tool, and which may he selected by a user according to die optional 

35 conq>onentsduit the user desires to have as part ofthe process tool as iltustrated in U.S. Patent 
Dov et al., ^ch is incorporated by reference as if fidly set fordi heroin. 

A process tool as described heroin may also include multiple chill process chambers or a multi-slot dull 
process chamber. Such niultiple or nuihi-slot chiU process chambers aUows multiple wafers to be cool^ 
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o&er wafers are subjected to piocessmg steps in other chambers. In addition, each of the processors as described 
herein may be configured to assign a priority level to each wafer in a processing sequence depending on its 
processing stage, and tins priority level may be used to sequence tiie movement f wafers between chanibers as 
illustrated in U.S. Patent No. 6,2019998 to Lin et aL, which is incorporated by reference as if fully set foA herein. 
5 In fiiis manner, a system as described herein may increase an efficiency at which wafers are transferred among 
different processmg chambers in a wafer processing &cility. 

In a further embodiment, each of the processors, as described herein, may be c<mfigared to determine at 
least aroughness of a specimen, a layer on a specimen, and/or a feature of a specimen. For example, aprocessor 
may be configured to determine a roughness fiom one or more output signals of a measurement device using 

1 0 mathematical modeling. For exanxpl^, the one or more output signals may be generated by a measurement device 
such as a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, and a non-imaging Lirmik 
microscope. Appropriate mathematical models may include any mathematical models known in the art such as 
mathematical models that may be used to determine a critical dimension of a feature. The mathematical models 
may be configured to process data of multq>le wavelengths or data of a single wavelength. 

15 A system, including sach a prncessoTj msy be coupled to a process tool such as a lithography tool, ss 

atomic layer dq>osition tool, a cleaning tool, and an etch tool For exaixq>le, a develop process step m a li&ography 
process may cause a significant amount ofroughness to a patterned resist Li addition, a layer of material formed 
by atomic layer dqposition may have a significant amount of roughness, particularly on sidewalls of features on a 
specimeiL Furdiennore, wet cleanxog toob inay tend to etch a specimen, a kyer on a specim^ and/ 

20 a specinoen, which may cause roughness on the specimen, the layer, and/or the features, respectively. The system 
may also be coupled to any process tool configured to perform a process that may cause roughness on a surface of a 
specimen. The system may be coupled to the process tool according to any of die embodiments described hereia 
For example, a measurement device of such a system may be coiq)led to a process chamber of a process tool such 
that the system may determine at least a roughness of a specimen, a layer on a specimen, and/or a feature on a 

25 specimen prior to and subsequent to a process. For exaiiq)le, the measurement device may be coupled to a process 
tool such diat a robotic wafer handler may move below or above the measurement device. The system may be 
fiirfiier configured as described herein. 

The following references, to the extent that they provide exen^laxy procedural or other information or 
details supplementary to those set forth herein, are specifically incorporated herein by reference: U.S. Patent 

30 Apphcation Nos. 09/310,017 filed on May 1 1. 1999, 09/396,143 filed on September 15, 1999, 09/556,238 filed on 
April 24, 2000, and 09/695,726 filed on October 23, 2000. 

Further modifications and alternative embodiments of various aspects of the invention may be apparent to 
those Called in the art in view of this description. For exanq)le, the system may also include a stage configured to 
tilt in a number of angles and directions with respect to a measurement device. Accordingly, this description is to 

35 be constmed as illustrative only and is for the purpose of teaching those skilled in the art the general manner of 
carrying out the invention. It is to be understood that the forms of die mventLon shown and described hmin are to 
be taken as the presently preferred embodiments. Elements and matftriais may be substituted for those illustrated 
and described herein, parts and processes may be reversed, and certain features of the invention may be utilized 
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independently, all as woidd be apparent to one skiU^ ftbis description ftiie 

inventioiL Changes may be made in the elements described herein without departing fiom &e spirit and scope f 
the invention as described in the f Uowing claims. 



147 



wo 02/25708 PCT/USOl/42251 
WHAT IS CLAIMED IS: 

1. A system coniigux^d to detenxiine at least tw properties of a speciniBn durmg use, comprising: 
a stage configured to support the specimen duzing use; 

S ameasuremi^devicecoi^ledto^stage^conq^irising: 

an ilhnninati0n system configuxed to direct energy toward a sur&ce of the sp 
and 

a detection system coiqpled to tiie illumination system and configured to detect eneigy 
propagating from the suzfice of &e specimen duzing use, \tiiereinthe measurement device is 
10 configured to generate one or more ou^t signals in response to the detected encigy during use; 

and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen from die one or more output signals during use, wherein die first property 
con^rises a critical dimension of the specimen, and wherein the second property comprises overlay 
1 5 misTPgistSHtion of Ihs spec-izusc 

2. The system of claim 1, wherein die stage is furdier configured to move laterally during use. 

3 . The system of claim 1 , wherein die stage is &rfh^ configured to move rotatahly during use. 

20 

4. The system of claim I, whmin the stage is fiuiher configured to move laterally and rotatahly during use. 

5. The system of claim 1, wherein the illumination system conq)rises a single energy source. 

25 6. The system of claim 1, wherein the illumination system comprises more than one eneigy sources. 

7. The system of claim 1 , wherein the detection system courses a single energy sensitive device. 

8. The system of claim 1, wherein die detection system con:q)rises more than one energy sensitive devices. 

30 

9. The system of claim 1, wherein the measurement device further comprises a non-imaging scatterometer. 

10. The system of claim 1, wherein the measurement device further conq>rises a scatterometer. 

35 11. The system of claim 1 , wherein the measurement device further comprises a spectroscopic scatteronoeter. 

12. The system of claim 1, wherein the measurement device further con^yrises a reflectometer. 
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13. Hie system f claim 1, vvliereintiie measuiement device fiii& 

14. The system of claim 1» wherein tiie measurement device further comprises an ellipsometer. 
5 IS. The system of claim lyWfaeiein the xneasuxement device further compile 

16. The system of claim 1, wherein &e measuiement device further conq>rises a bright field imaging device. 

17. The system of claim 1, wherein tiie measuiement device further conqirises a dark field imaging device. 

10 

18. Hie system of claim 1, wh^in the measurement device further conq)rises a bright field and a dark field 
innagiTig device. 

19. Hie system of claim 1, wherein the measurement device further conoprises a bright field non-imaging 
1 5 device. 

20. The system of claim 1, wherein die measurement device further conqirises a dark field non-imaging 
device. 

20 21. The system of claim 1, wherein the measurement device further coriqirises a bright field and a daric field 
non-imaging device. 

22. The system of claim 1» wherein the measurement device further conq>rises a coherence probe microscope. 
25 23 . The system of claim 1 , wherein &e measurement device further comprises an interference microscope. 

24. The system of claim 1, wherein tiie measurement device further conqnises an optical profilometer. 

25. Hie system of claim 1 , wherein the measurement device further con^mses at least a first measurement 
30 device and a second measurement device, and herein fbs first and second measurement devices are selected from 

the group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic reflectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging 
device, a dark field imaging device, a bright field and a daik field imaging device, a bright field non-imaging 
device, a dark field non-imaging device, a bright field and a daric field non-imaging device, a coherence probe 
3 5 microscope, an interference microscope, and an optical profilometer. 
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26. The system f claim 1, whezeia the measuremexit device iurdicr 

device and a second measm^ment device, and wherein optical elements of the first measurement device conqprise 
optical elements of the second measurement device. 

S 27. The system of claim 1» wherein the processor is fiii&eraiDfi^ 

specimen from flie one or more ou^ut signals during use, and wherein ftie third property comprises a presence of 
defects on the specimen. 

28. The system of claim 27, wherein flie defects conqirise micro defects and macro defects. 

10 

29. Hie system of claim 27, wherein &e illumination system is further configured to direct energy toward a 
bottom surface of the specimen during use, wherein die detection system is further configured to detect energy 
propagating from the bottom sur&ce of the specimen during use, and wherein the third property further comprises a 
presence of defects on the bottom surface of the specimen. 

15 

30. The system of claim 29, wherein the defects comprise macro detects. 

31. The system of claim 1, wherein the processor is further configured to determine a third property of &e 
specimen from the one or more output signals during use, and wherein the third property comprises a flatness 

20 measurement of the specimen. 

32. The system of claim 1 , wherein the processor is further configured to detenrune a third property and a 
fourtii property of the specimen from the one or more output signals during use, wherein the third property 
con^rises a presence of defects on tiie specimen, and wherein the fourtfi property comprises a flatness 

25 measurement of &e specimen. 

33. The system of claim 1, wherein the processor is further conf^ured to determine a third property of die 
specimen from the one or more ou^mt signals during use, and wherein the diird property is selected &am the group 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 

30 the specimen. 

34. The system of claim 33, wherein flie system is coupled to a process tool selected from the group consisting 
of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

35 35. The system of claim 1, wherein the system is forther configured to determine at least two properties of tiie 
specimen simultaneously during use. 
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36. The system of claim 1 , wherein the iQuxninaticm system is fur&ex configured to direct energy to multiple 
locations on the surface of the specimen substantially simultaneously, and wherein die detection system is fortiier 
configured to detect energy propagating firom the multiple locations on the surface of the specimen substantially 
simultaneously sudi diat one rmore at least two properties ofthe specimen can be detemiined at flie 

S mnldple locations substantially simultaneously. 

37. The system of claim 1» wherein tiie system is coiq)led to aprocess tooL 

38. The system of claim 1, wherein die system is coupled to a process tool, and wherein die system is disposed . 
10 within the process tool. 

39. The system of claim 1, wherein die system is coiq>led to aprocess tool, and wherein the system is arranged 
laterally proximate to die process tool. 

IS 40. The system nf claim 1 whereizK Ihe systsm is co!^led to a process tool, and wherein &c jscccss tool 
con^rises a wafer handler configured to move the specimen to the stage during use. 

41. The system of claim 1, wherein the system is coupled to a process tool, and wherein the stage is 
configured to move the specimen fiom die system to the process tool during use. 

20 

42. The system of claim 1, wherein the system is coupled to a process tool, and wherein the stage is further 
configured to move the specimen to a process chamber of the process tool dunng use. 

43. The system of claim 1, wherein die system is coupled to a process tool, and wherein die system is further 
25 configured to determine at least the two properties of the specimen while the specimen is waiting between process 

steps. 

'44. The system of claim 1, wherein die system is coupled to a process tool, wherein the process tool conqirises 
a support device configuxed to stq^ort the specimen during a process step, and wherein an t^er surface of the 
30 siqiport device is substantially parallel to an upper snr&ce of the stage. 

45. The system of claim 1, wherein die system is coi^led to a process tool, wherein the process tool comprises 
a support device configured to support the specimen during a process step, and wherein an upper surface of die 
stage is angled with respect to an upper surface of the support device. 

35 

46. The system of claim 1, wherein die system is coupled to aprocess tool, and wherein die process tool 
comprises a lithography tool. 
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47. The system f claim I, wherein the system cozopiises a measurement chamber, wherein die stage and tiie 
measurement device are disposed within the measurement chamber, and wherein the measurement chamber is 
coupled to a process tool. 

S 48. The system of claim ly^ierein die system comprises a measurement chamber^^^iei^ 

measurement device are diqx)sed widiin die measurement chamber, wherein the measurement chamber is cov^led 
to a process tool, and wh^ein die measurement diamber is disposed within the process tool. 

49. The system of claim 1 , wherein the system comprises a measurement duunber, wherem die stage and die 
10 measurement device are disposed widiin the measurement chamber, ^ndierein the measurement chamber i^ 

to a process tool, and wherein the measurement chamber is arranged laterally proximate to a process chamber of die 
process tool. 

50. The system of claim 1 , wherein the system comprises a measurement chamber, wherein the stage and the 
1 5 ilicasuicmcut uc vicc oTc ulspOScd wiihiii the mcaSiucmciit Ciioiiibcr, wbciciu ihe measurement Cimubcr is COUpIcu 

to a process tool, and wherein the measurement chamber is arranged vertically proximate to a process chamber of 
the process tooL 

51. The system of clann 1, wherem a process tool cQ^^xrises a process chamber, wherein die st^e is disposed 
20 widiin die process chamber, and wherein die stage is fiirdier configured to si:^ort die specimen during a process 

step. 

52. The system of claim 5 1 , wherein the processor is furdier configured to determine at least the two 
properties of the specimen during the process step. 

25 

53. The system of claim 5 1, wherein the processor is furflier configured to obtam a signature characterizing 
the process step during use, and wherein the signature comprises at least one singularity representative of an end of 
the process step. 

30 54. The system of claim 51, wherein die processor is coiq)led to the process tool and is fiirdier configured to 
alter a parameter of one or more instruments coiq)led to the process tool in response to the detemiined properties 
using an in situ control technique during use. 

55. The system of claim 1 , wherein a process tool con^rises a first process chamber and a second process 
3 S chamber, and wherein the stage is fiirdier configured to move the specimen fiom the first process chamber to the 
second process chamber during use. 
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56. The system of claim 1, wherein a process tool con^rises a first process chamber and a second process 
chamber, wherein fhe stage is furdier configured to move the specimen from ihs first process chamber to die second 
process chamber during use, and wherein die processor is further configured to determine at least the tw properties 
of the specimen as tlie stage is moving die specimen fiom the first process chamber to the second process chamber. 

5 

57. Hie system of claim 1, wherein a process tool conqmses a first process chamber and a second process 
chamber, wbeieni die stage is fbrdier configured to move the spedmen from the first process chamber to the second 
process chaniber during use, wherein the processor is further configured to determine at least the two properties of 
die specimirai as liie stage is moving the specimen from the first process chamber to ^ second process chamber, 

1 0 and wherein the process tool conqirises a lithography tool 

58. The system of claim 57, wherein the first process chamber is configured to chill die specimen during use, 
and wherein the second process chamber is configured to apply resist to the specimen during use. 

15 59. The system of claim 57, wherein the first process diamber is conngured to chill the specimen subsequent 
to a post apply bake process step during use, and wherein the second process chamber is configured to expose the 
spedmen during use. 

60. The system of claim 57, herein the first process chamber is configured to expose die specimen during 
20 use, and wherem the second process chaniber is configured to bake the specimen subsequent to e3q)osure of the 

specimen during use. 

61 . The system of claim 57, wherein the first process chamber is configured to chill the specimen subsequent 
to a post exposing bake process step during use, and wherein the second process chamber is configured to develop 

25 the specimen during use. 

62. The system of claim 57, wherein the first process chamber is configured to develop the specimen during 
use, and wherein die second process chamber is configured to bake die specnnen subsequent to a develop process 
step during use. 

30 

63. The system of claim 57, wherein the first process chaniber is configured to develop the specnnen during 
use, and wherein the second process diamber is configured to receive the specimen ui a wafer cassette during use. 

64. The system of claim 1, wherein the processor is furiher configured to con^are die determined properties 
35 of die specimen and properties of a plurality of specimens during use. 

65. 'Hie system of claim 1 , wherein the processor is furdier configured to con^are at least one f the 
determined properties of die specimen to a predetermined range for the property. 
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66. Thesystem f claim l,whexem&e piocessorhfui&ercoiifigaied to c mpaie at least one fih& 
detemmied properties of the specimen to a predetemained range for tiie property, and wherein the processor is 
further configured to generate an outpnt signal if the detennined property of the specimen is outside of die 
predetemiined range during use. 

5 

67. The system of claim 1, wherein flie processor is fur&er configured to alter a sampling frequency of die 
measurement device in response to the determined first or second property of die specimen during use. 

68 . Hie system of claim 1 , whrnin die processor is furdier configured to alter a parameter of an instniment 
10 coupled to the measurement device in response to die detennined first or second property using a feedback control 

technique during use. 

69. The system of claim 1, wherein the processor is hardier configured to alter a parameter of an instrument 
coupled to die measurement device in response to the determined first or second property using a feedforward 

1 5 contro! tschniqize diaring use. 

70. The system of claim 1 , ^nlierein die processor is furdier configured to generate a database during use, and 
wherein die database conqirises the determined first and second properties of the specimen. 

20 71. The system of claim 70, wherein the processor is further configured to calibrate the measurement device 
using the database during use. 

72. The system of claim 70, wherein the processor is further configured to monitor output signals generated by 
measurement device using die database during use. 

25 

73. The system of claim 70, wherein the database furdio: conq^xrises first and second properties of a plurality 
of specnnens. 

74. Hie system of claim 73, wherein the first and second properties of die plurality of specimens are 
30 detennined using die measurement device. 



75. The system of claim 73, wherein the first and second properties of die plurality of specimens are 
detemiined using a plurality of measurement devices. 

35 76. The system of claim 75, wherein the processor is further coupled to the plurality of measurement devices. 

77. The system of claim 76, wherein die processor is further configured to calibrate die plurality of 
measurement devices using die database during use. 
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78. Hie system of claim 76, herein the processor is foi&er configured to monitor oulput signals generated by 
tiie plurality f measurement devices using the database during use. 



79. Hie system of daim 1 , farther comprising a stand abne system coiq)led to die system, iwfaerein the stand 
alone system is configured to be calibrated widi a calibration standard during use, and herein the stand alone 
system is fiirdier configured to calibrate &e system during use. 

80. The s^temofclaiml^furdierconQQmsing a stand alone systems 

additional system, wherein die stand alone system is configured to be calibrated widi a calibration standard during 
use, and wherein die stand alone system is fiirdier configured to calibrate the system and at least die one additional 
system during use. 

81 . The system of claim 1 , wherein the system is further configured to determine at least the two properties of 
the specimen at more than one position on the specimen, wherein the specimen comprises a wafer, and wherein die 
processor is configured to alter at least ens p^r PTTr— t sT of one or mere coupled to a py g g ggg ^ol tt\ 
response to at least one of die determined properties of die specimen at the more than one position on the specimen 
to reduce within wafer variation of at least one of die detennined properties. 

82. Tlie system of claim 1, wherein the processor is furdier coiq)led to a process tool. 

83. The system of claim 82, wherein the process tool conqirises a lithography tooL 

84. The system of claim 82, wherein die processor is further configured to alter a parameter of one or more 
instruments coupled to the process tool in response to the determined first or second property using a feedback 
control technique during use. 

85. Tlie system of claim 82, wherein the processor is furdier configured to alter a parameter of one or more 
instruments coupled to die process tool in response to die detennined first or second property using a feedforward 
control technique during use. 

86. Tlie system of claim 82, ^^lerein the processor is furdier configured to monitor a parameter of one or more 
instruments coupled to the process tool during use. 

87. The system of claim 86, wherein the processor is further configured to determine a relationship between 
the determined properties and at least one of the monitored parameters during use. 

88. Tlie system of claim 87, )^erein the processor is further configured to alter the parasoeter of die one r 
more instruments in response to the detennined relationsh^ during use. 
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89. The system of claim I, wherein the processor is further coupled to a plurality of measurement devices, and 
wherein each of the plurality of measuronent devices is coupled to at least one of a plurality of process tools. 



90. The system ofclaiml, wherein the processor compiises a local processor c upled to tiie measurement 

5 device and a remote controUer counter coiqiled to the local processor, wherein &e local processor is configured to 
at least partially process the one or more output signals during use, and wherein the remote controller covapvAesr is 
configured to further process the at least partial^ processed one or more output signals during use. 

91. The system of claim 90, wherem&e local processor is further configured to determine flie firstproperty 
10 and &e second property of the specimen daring use. 

92. The system of claim 90, wherein the remote controller computer is further configured to determine the first 
property and the second property of the specimen during use. 



disposiz^ the specimen upon a stage, wherein the stage is coupled to a measurement device^ and herein 
the measurement device conqirises an illumination system and a detection systen^ 
directmg energy toward a surfu^e of die specimen using the illumination system; 
detecting energy propagating from the sur&ce of the specimen using the detection Systran; 
20 generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of die 
specimen, wherein the first property conq}rises a critical dimension of the spedmen, and wherein die 
second property comprises overlay misregistration of the specimen. 

25 94. A con^ter-in^lemented mediod for controlling a system configured to determine at least two properties 
of a spedmen during use, wherein the system comprises a measurement device, conq>rising: 

controllmg die measurement device, wherem the measurement device comprises an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, conqnising: 
controlling die illumination system to direct energy toward a surface of the specimen; 
30 controlling the detection Systran to detect energy propagating from the surface of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more ou^ut signals to determine a first property and a second property of the 
specimen, wherein the first property coirq)rises a critical dimension of the spedmen, and wherein the 
3 5 second property conq>rises overlay misregistration of die specimen. 

95. A semiconductor device &bricated hy a method, the method conq)rising: 
forming a portion of the semiconductor device \spon a specimen; 
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disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illuznination system and a detection system; 
directing energy toward a surface of the specimen using the iUumination system; 
detecting energy propagating from flie suiftce f the specimen using &e detection system; 
generating one or more ou^mt signals responsive to the detected energy; and 
processing die one or more output signals to determine a first property and a second property of the 
portion of tiie semiconductor device, indierein die first property coiiq>rises a critical dimension of the 
portion of the semiconductor device, and wherein the second property conqirises overlay misregistration 
of the portion of the semiconductor device. 

96. A method for fabricating a semiconductor device, conoprising: 
forming a portion of the semicondactor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coiq)Ied to a measurement device, and wherein 
the measurement device con^rises an illumination system and a detection system; 
diicCtiug energy tuwaru d SurlaCc uf die specimen using mt illuminaiion system; 
detecting energy propagating firom die surface of die specimen using tbe detection system; 
generating one or more ou^ut signals responsive to the detected energy; and 
processing die one or more output signals to determine a first property and a second property of the 
portion of the semiconductor device, wherem ihe first property comprises a critical dhnension of the 
portion of die semiconductor device, and wherein the second property cornprises overlay misregistration 
of the portion of the semiconductor device. 

97. A system configured to determine at least two properties of a specimen during use, con]q>rising: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of die specimen duriog use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagatii^ from the sur&ce of die specimen during use, wherein the measor^nent device is 
configured to generate one or more output signals in response to the detected energy during use; 

a local processor coiq>led to the measurement device and configured to at least partially process the one or 

more output signals daring use; and 

a remote controller conputer coupled to the local processor, wherein die remote controller conq)uter is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property and a second property of the specimen from die at least partially processed one or more output 
signals during use, wherein die first property con:q)rises a critical dimension of the specimen, and whereia 
the second property conqirises overlay misregistration of the specimen. 
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98. A metiiod for detennmiog at least two properties f a specimen, conqmsing: 

disposing &e specimen i^on a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device conqmses an iUumination system and a detection system; 
directing energy toward a surface f the specimen using the illumination system; 
5 detecting ^ergy propagating from the surface of the specimen using the detection system; 

generating one or more ou^ut signals in response to die detected energy; and 
processing the one or more output signals to detemsme a first property and a second property of the 
specimen, wherein tiie first property conqxrises a critical dimension of die specimen, and wherein die 
second property conqnises overlay misregistration of die specimen, wherein processing die one or more 
10 output signals comprises: 

at least partially processing the one or more ou^mt signals using a local processor, wherem die 

local processor is coupled to die measurement device; 

sending the partially processed one or more ou^iut signals fi:om the local processor to a remote 
controller computer; and 

1 5 further processing &e partially processed one or more output signals using me remote coniroiler 

computer. 

99. A system configured to determine at least two properties of a specimen during use, conqirising: 
a stage configured to siqjport die spedmen during use; 

20 a measurement device coiq)l6d to the stage, con^msing: 

an illumination system configured to direct oiergy toward a sui&ce of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the spedmen during use, wherein the measurement device is 
25 configured to generate one or more output signals in response to the detected energy daring use; 

and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of the specimen from the one or more ou^ut signals during use, wherein the first property 
comprises a presence of defects on the specimen, and wherein the second property con^jrises a thm fihn 
30 characteristic of the specimen. 

1 00. The system of claim 99, wherein the measurement device furdier comprises a non-imaging dark field 
device. 

35 101 . The system of claim 99, wherein the measurement device furdier comprises a non-imaging bri^t field 
device. 
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102. The system of claim 99» wherein the measmement device fbxfher conqnises a non-imaging daxk field and 
bright field device. 

103. Thesystem f claim 99» wherein the measuiement device further con^mses a double daxk fiel^ 

5 

104. The system of claim 99, wherein the measurement device fiffther conq>rises a dark field imaging device. 

105. The system of claim 99, i;dierein the measoxement device finther conq)rises a bright field imaging device. 

10 106. The system of claim 99» wherein the measurement device further con^rises a dark field and bright field 
imaging device. 

107. The system of claim 99, wherein the measurement device further coixq)rises a scatterometer. 

15 ICS. The SyStSm of cImIZII 99, vrhciCIII the mwaoUiwJLuCSt device fuitlicl COiI^>nS«S a spectroscopic SCattcrOiiiciGX. 

109. The system of claim 99, vtdberein the measurement device further conq>rises an ellipsometer. 

1 10. The system of clahn 99, wherem the measurement device furtlier con^rises a spectroscopic elliqpsometer. 

20 

■ 1 1 1. The system of claim 99, wherein tlie measurement device further comprises a reflectometer. 

1 12. Hie system of claim 99, wherein the measurement device fiirther con^rises a spectroscopic reflectometer. 

25 1 13. The system of claim 99, wherein the measurement device further conq)rise5 a dual beam 
spectrophotometer. 

1 14. The system of claim 99, wherein the measurement device furttier conqsrises a beam profile ellq>someter. 

30 115. The system of claim 99, wherein the measurement device &rther coirqyrises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices axe selected fiom 
the group consisting of a non-imaging dark field device, a non-imaging bright field device, a nonrimaging dark 
field and bright field device, a double dark field device, a dark field imaging device, a bright field imagmg device, 
a dark field and bright field imaging device, a scatterometer, a spectroscopic scatterometer, an ellipsometer, a 

35 spectroscopic ellipsometer, a reflectometer, a spectroscopic reflectometer, a dual beam spectrophotometer, and a 
beam profile ellq)Someter. 
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116. The system of claim 99, wherein the illmnination system and die detection system c mprise non-optical 
conq)oneiits, and wherein the detected eneigy is responsive to a non-optical characteristic of the sur&ce of the 
specimen. 

5 117. The system of claim 99, wherein the defects coxqjrise micro defects and m 

118. The systemof claim 99, v^ierein die defects canqxrise micro defects ormacto defects. 

119. The system of claim 99, wherein the Ifain film chaiacteristic cowpdsca a fliickness of a copper fihn, and 
10 wherein the defects con^iise voids in the copper fihn. 

120. The system of claim 99, wherein the defects comprise macro defects on a back side of the specunen, and 
wherein the macro defects conqprise copper contamination. 

13 i 2 i . The system of claim 99, wherein me processor is mrthci configured to dclcxiiime a thixd piopcfty of iLc 
specimen from the one or more ou^ut signals during use, and wherein the diird property is selected from the groi^ 
consisting of a roughness of the specimen, a roughness of a lay^ on the specimen, and a roughness of a feature of 
the specimerL 

20 122. The system of claim 121, wherein the system is coiq)led to a process tool selected from the group 
consistmg of a lithography tool, an atomic layer dq>osition tool, a cleaning tool, and an etch tool 

123. The system of claim 99, wherein die system is coupled to a process tool, and wherein the process tool is 
selected from the group consisting of a lithography tool, an etch tool, an ion implanter, a chemical-mechanical 

25 polishing tool, a deposition tool, a thermal tool, a cleaning tool, and a plating tool. 

1 24. A method for determining at least two properties of a specimen, con:q)rising: 

disposing the specimen upon a stage, whorein the stage is coiq>led to a measurement device, and wherein 
die measurement device coizq)rises an illumination system and a detection system; 

30 directing energy toward a snz&ce of die specimen using die illumination system; 

detecting energy propagating from die suriace of die specimen using the detection system; 
generating one or more output signals in response to the detected energy; and 
processing tbe one or more oii^jut signals to detenmne a fust property and a second property of die 
specimen, wherein the first property comprises a presence of defects on the specimen, and wherein the 

35 second property con^rises a thin film characteristic of the specimen. 

125. A coiiq>uter-in^lemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system comprises a measurement device, con^rising: 
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controlling the measuiCTient device, wherein the measuremeDt device comprises an iUamination system 
and a detection system, and wherein the measurement device is cox^led to a stage, con^Trising: 

controlling the iUumination system to direct energy toward a sm&ce of fte specimen; 

controlling the detection system to detect energy propagating from the sur&ce of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, herein tiie first property comprises a presence of defects on the specimen, and wherein the 
second property ccmiprises a thin film characteristic of the specimen. 

A semiconductor device fabricated by a method, the method con^rising: 
forming a portion of the semiconductor device vcpon a specimen; 

disposing the specimen upon a stage, wherein &e stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surfece of &e spec^Ve^ using ±£ ilksnination system; 
detecting enragy propagating fiom the suifiice of the specimen using the detection system; 
generating one or more ou^sut signals in response to the detected energy; and 
processing the one or more output signals to detenooine a first property and a second property of ihs 
specimen, i^ierein the first property con^rises a presence of defects on the specimen, and wherein the 
second property comprises a Ihin film characteristic of the specimen. 

A method for fabricating a semiconductor device, conq>rising: 
forming a portion of the semiconductor device upon a specimen; 

disposing die specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a sur&ce of the spedmen using tbie illumination system; 
detectiiig energy propagating &om the sui&ce of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more ou^ut signals to determine a first property and a second property of the 
specim^ wherein the first property comprises a presence of defects on tiie specimen, and wherein the 
second property comprises a thin film characteristic of the specimeiL 

A system configured to determine at least two properties of a specimen during use, con^srising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a sur&ce of the specimen during use; 

and 
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a detection system coupled to liie iltuznination system and configured to detect energy 
propagating &om the sorface of &e spedmen dming use, whfflteia the measuiement device is 
configured to generate one or more u^ut signals responsive to die detected energy during use; 

a local processor cotq>Ied to tiie measureoient device and configured to at least partially process &6 one or 

more output signals daring use; and 

a remote controller counter coupled to die local processor, v^ierein &e remote controller conqiuter is 
configured to receive the at least partial^ processed one or more ou^ut signals and to determine a fixst 
property and a second property of die specimen fiom tiie at least partially processed one or more ou^ut 
signals during use, wherein die first property comprises a presence of defects on the specimen, and 
wherein the second property conq>rises a dun film characteristic of die specimen. 

A method for determining at least two properties of a specimen, comprising: 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device conq)rises an illumination system and a detection system; 
directing energy toward a surfiice of die specimen using the illmnination systRrrr 
detecting energy propagating fiom the sur&ce of die specimen using die detection system; 
generating one or more oulpttt signals responsive to the detected energy; and 
processii^ the one or more output signals to determine a first property and a second property of die 
specimen, wherein die first property conq)rises a presence of defects on the specimen, and wherein the 
second property conQ)rise8 a diin fihn characteristic of the specimen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to die measurement device; 

sending the partially processed one or more output signals from die local processor to a remote 
controller conqjuter, and 

iurther processing die partially processed one or more ou^t signals using the remote controller 
conq>uter. 

A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a sur&ce of the specmien during use; 

and 

a detection system coupled to the illumination system and configured to detect energy 
propagating fiom the surface of the specimen during use, wherein die measurement device is 
configured to generate one or more output signals in response to die detected energy during use; 
and 

a processor couqpled to the measurement device and configured to determine a first property and a second 
property of the specimen fiom the one or more output signals during use, wherein the first property 
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comprises a critical dimension of tiie specimen, and whexein die second property contprises a presence of 
defects on the specimen. 



132. Hie system of claim 130» wberein the measurement device furdier conq>rises a scattetometer. 

133. Hie system of claim 130, wherein &e measurement device fiirdier con^iises a spectroscopic 
scatterometer. 

134. Hie system of claim 130, wherein the measurement device fiirther conqirises a reflectometer. 

1 35. The system of claim 130, wherein die measurement device furdier comprises a spectroscopic 
reflectometer. 

136. The s^tem of claim 130, wherein die measurement device further conpises a coherence probe 
microscope. 

137. The system of claim 130, wherein die measurement device forther comprises an eUipsometer. 

138. The system of claim 130, wherein the measurement device further conqsrises a spectroscopic el]q)Someter. 

139. The system of claim 130, wherem the measurement device fiirdier conq)rises a bright field imaging device. 

140. The system of claim 130, wherein die measurement device further comprises a dark field imaging device. 

141 . Hie system of claim 130, wherein the measurement device furdier comprises a bright field and dark field 
imaging device. 

142. The system of claim 130, wherein die measurement device furdier conq;irises a non-hnaging bright field 
device. 

143. Hie system of claim 130, wherein the measurCToent device further comprises a non-imaging daric field 
device. 

144. The system of claim 130, wherein die measurement device further con:^)Iises a non-imaging bright field 
and dark field device. 



131. 



Hie system of claim 



130, 



wherein die nobeasurement device furdier CQnq}rises 
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145. The system of claim 130, wherein the measuremexxt device further conQ)rises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected from 
the group consisting of a non-imagmg scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic icflectometer, a coherence probe microscope, an eUipsometer, a spectroscopic 

5 ell^isometer, a bright field imaging device, a dark field imaging device, a bright field and daik field imaging 

device, a non-imaging bright field device, a non-imaging dark field device, and a non-imagiiig bright field and dark 
field device. 

146. The system of claim 130, wherein the defects comprise micro defects and macro defects. 

10 

147. Hie system of claim 130, wherein the defects con^rises micro defects or macro defects. 

148. The system of claim 130, wherein the illumination system is furdier configured to direct energy toward a 
bottom surface of the specimen during use, wherein die detection system is fiirlher configured to detect energy 

1 5 OTopagatiTig froiD the bottom surface of the specimen *^?rir£ use, snd Tviiercin &c second property fiuther 
con^rises a presence of defects on the bottom sur&ce of the specimeiL 

149. The system of claim 148, i^erein the defects comprise macro defects. 

20 150. The system of claim 130, wherein the processor is iurdier configured to determine a third proper^ of the 
specimen fiY)m the one or more output signals during use, and wherein die third property is selected from the groi^ 
consisting of a roughness of the specimen, a roughness of a layer on die specimen, and a roughness of a feature of 
the specimen. 

25 151. The system of claim 150, wherein die system is coupled to a process tool selected from the group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool^ and an etch tool. 

152. A method for determining at least two properties of a specimen, conq)rising: 

disposing the specimen i^n a stage, wherein the stage is coupled to a measurement device, and wherein 

30 the measurement device conqnises an illumination system and a detection system; 

directing energy toward a surface of the specimen using the illumination system; 

detecting energy propagating from the surface of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property and a second property of the 

35 specimen, wherein die first property comprises a critical dimension of the specimen, and wherein the 

second property comprises a presence of defects on die specimen. 
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153. A con:q>uter-iix]plemented method for controlling a system configured to determine at least two properties 
of a specimen during use, herein the system coxtq>rises a measurement device, coai|nising: 

controlling the measurement device, wherein the measurement device conqnises an illumination system 
and a detection system, and wherein the measurenoent device is coiq>ledt a stage, comprising: 
S controlling die illumination system to direct energy toward a sur&ce of die specimen; 

controlling die detection system to detect energy propagating fiom die sur&ce of die specimen; 

and 

generating one or more output signals responsive to die detected energy; and 
processing die one or more ou^ut signals to detemiine a first property and a second property of the 
1 0 specimen, wherein die first property conq>rises a critical dimension of the specimen, and wherein the 

second property comprises a presence of defects on die specimen. 

154. A semiconductor device fabricated by a method, the mefliod compnsmg: 
forming a portion of the semiconductor device upon a specimen; 

1 5 dlSpCSHxg the opCClUlCIi upon a stage, vvucrcili uic stage IS coupled to a. iucaSuIcmcut ucViCc, oilu whcTciu 

the measurement device conqnises an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using die illumination system; 
detecting energy propagating &om die sur&ce of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
20 processing die one or more output signals to determine a first property and a second property of the 

specimen, wherein die first property conq)rises a critical dimension of the portion of the specimen, and 
wherein die second property conq>rises a presence of defects on die portion of the specimen. 

1 55. A method for ^bricating a semiconductor device, comprising: 
25 forming a portion of die semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherem the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumiiiation system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating firom die sur&ce of the specimen using the detection system; 
3 0 generating one or more output signals responsive to die detected energy; and 

processmg the one or more output signals to detenoine a first property and a second property of the 
specunen, wherein die first property conqnises a critical dhnension of the specimen, and wherein the 
second property conqmses apresence of defects on die portion of die specimen. 

35 156. A system configured to determine at least two properties of a specimen during use, conq)rising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, conqirising: 
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an iUuzziiziaticm system configured to direct enei^ f the specimen during use; 

and 

a detection Systran coupled to the ilhnmnation system and configured to detect energy 
prq)agating fiom liie sur&ce of Hie specimen during use, wherein flie measurement device is 
configured to generate one or more ou^ signals responsive to die detected energy during use; 

alocalprocess(»rcoiq»led to Ifae measurernent device and configured to at least partially process die one or 

more ou^ut signals during use ; and 

a remote controller conpiter coT^led to Ifae local processor, wherein die remote controller computer is 
configured to receive the at least partially processed one or mote output signals and to determine a first 
property and a second property of die specimen from the at least partially processed one or more output 
signals during use, wherein the first property comprises a critical dimension of the specimen, and wherein 
the second property comprises a presence of defects on die specimen. 

A mediod for determining at least two properties of a specimen, coiiq)rising: 

disposing the specimen upon a stase. wherein die st^e is cnnpled to a measursssst device, snd wherein 
the measurement device comprises an iUumination system and a detection system; 
directing energy toward a sur&ce of &e specimen using die mumination system; 
detecting energy propagating fiom die sur&ce of die ^ecimen usii^ die detection systen^ 
generating one or more output signals in response to the detected energy; and 
processing the one or more ou^ut signals to determine a first property and a second property of the 
specimen, wherein die first property comprises a critical dimension of die specimen, and wh^ein the 
second property conqirises a presence of defects on the specimen, con^rising: 

at least partially processing die one or more output signals using a local processor, wherein die 
local processor is coupled to the measurement device; 

sendmg the partially processed one or more output signals from die local processor to a remote 
controller conqniter; and 

further processing die partially processed one or more ou^ut signals using die remote controller 
con^mter. 

A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, con^irising: 

an illumioation system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coi^led to die illumination system and configured to detect energy 
propagating fiom the sur&ce of the spechnen during use, wherein the-measurement device is 
confilgured to generate one or more ou^iut signals in response to die detected eoexgy during use; 
and 
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a processor coupled to the loeasiiremeixt device and configored to determine a first property and a second 
property of the specimen from the one or more ou^ut signals during use, wherein the first property 
conq>nses a critical dimension f the specimen, arid wherein die second property con^rises a thin fihn 
characteristic of the specimen. 

5 

159. The system of claim 158, wherein the measurement device furtiier conqirises a non-imaging scatterometer. 

160. The system of claim 158, wherein &e measurement device fiirflier comprises a scatterometer. 

10 161. The system of claim 158, wherein the measurement device furdier con^xrises a spectroscopic 
scatterometer. 

162. The system of claim 158, wherein the measurement device furdier corrpises a reflectometer. 

15 163. The Systran of claim 1 58, wherein ihe measuremsat device further comprises a spectrcsccpic 
reflectometer. 

164. The system of claim 158, wherein the measurement device further comprises a coherence prohe 
microscope. 

20 

165. Ihe system of claim 158, wherein die measurement device fiirfher comprises a hright field imaging device. 

166. The system of claim 158, wherein die measurement device further comprises a dark field imaging device. 

25 167. The system of claim 158, wherein die measurement device furtiier comprises a bright field and dark field 
imaging device. 

168. The system of claim 158, wherein die measurement device furdier comprises an elLpsometer. 

30 169. The system of claim 158, wherein die measurement device fiirther compises a spectroscopic ellQ>someter. 

170. The system of claim 158, wherein the measurem^t device further comprises a dual beam 
spectrophotometer. 

35 171. The system of claim 1 58, wherein the measurement device further comprises a beam profile ellipsometer. 

172. Thesystemof claim 158, wherein die measurement device furdier c mprises at least a first measurement 
device and a second measurement device, and wherein die first and second measurement devices are selected from 
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the group consisting of a non-imaging scatterometcr, a scatterometer^ a spectroscopic scatt^meter, a 
reflectometer, a spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, a daik 
field imaging device, a bright field and dark field ima g in g device, an ellipsometer, a spectroscopic ellipsoniBter, a 
dual beam spectrophotometer, a beam profile ellq)sometBr, a photxy-acoustic device, and a grating X-ray 
refiectometer. 

173. Ihe system of claim 158, wherein &e illumination system and flie detection system coiiq)rise non-optical 
components, and wherein ^ detected energy is responsive to a noiSroptical characteristic of the sur&ce of the 
specimen. 

174. The system of claim 158, wherein the measurement device furdier conqnises at least an eddy current 
device and a spectroscopic ellipsometer. 

175. The system of claim 158, wherein the measurement device further comprises at least an eddy current 
1 5 devicft and a spectroscopic ellipsomfftsr, and ^^dserein the system is coupled to sn atcmic layer dcposiuOii tcol. 

176. The system of claim 158, wherein tiie processor is ihrdier configured to detennine a flnid property of flie 
specimen from the one or more output signals during use, and wheiem the third property is selected from the groi^ 
consisting of a roughness of the specimen, a roughness of a layer ou the specimen, and a roughness of a feature of 

20 i^t specnnen. 

177. The system of claim 1716, wherein the system is coupled to a process tool selected from the group 
consisting of a H&ography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

25 178. The system of claim 158, wherein the system is coupled to a process tool, and wherein die process tool is 
selected from the gsovcp consisting of a hthogrs^hy tool, an etch tool, and a deposition tool. 

179. A method for detemoining at least two ]vopeities of a specimen, cono^rising: 

disposing die spedmen iq>on a stage, wherein fiie stage is coupled to a measurement device, and wherein 

30 the measurement device conqmses an illumination system and a detectioa systen^ 

directing energy toward a sur&ce of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using tiie detection system; 
generating one or more output signals in response to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 

35 specimen, wherein the first property comprises a critical dimension of die specimen, and wherein the 

second property comprises a thin film characteristic of the specimen. 
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1 80. A computer-implemented method for controUmg a system configiired to determine at least tw properties 
f a specimen during use, wherein the system con^iises a measurement device, comprising: 

controning tbs measurement device, wherein the measurement device conqmses an illumination system 
and a detection system, and wherein the measurement device is coipled to a stage, cQnq)rising: 
S controlling die illumination system to direct energy toward a sur&ce of the specimen; 

controlling die detection system to detect energy propagating fiom die surface of the specimen; 

and 

generatmg one or more output signals responsive to die detected energy; and 
processing die one or more output signals to determine a first property and a second property of die 
10 specimen, \(1ierem die first property conprises a critical dimension of die specimen, and wherein the 

second property conqnises a diin film characteristic of the specimen. 

181. A semicondactor device fabricated by a method, the method conqirising: 
forming a portion of die semiconductor device \spon a specimen; 

uXSpOSnig uuc SpcCmicu lipOil a aiagc, whclclu the atagc iS COuplcd tO a mcoaui fluent uc vlCo, olid WugTcIjI 

the measurement device conqprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from die surface of the specimen using die detection system; 
generatmg one or more ou^ut signals in response to die detected energy; and 
processing die one or more output signals to determine a first property and a second property of the 
specimen, whoein the first property conqirises a critical dunension of the specimen, ajid wherem the 
second property conprises a diin fihn characteristic of the specimen. 

A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measur^ent device coizq)rises an illumination system and a detection system; 
directing energy toward a surface of the specimen usmg the iUumination systen^ 
detectmg energy propagating firom the sur&ce of die specimen using die detection system; 
generating one or more output signals m response to die detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
spedmen, \dierein die first property conprises a critical dimension of the specimen, and wherein the 
second property comprises a thin film characteristic of the specimen. 

35 1 83 . A system configured to determine at least two properties of a ^ecimen during use, conqirising: 
a stage configured to support die specimen during use; 
a measurement device coipled to the stage, comprising: 
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an iUumiiiatioii system configured to direct energy toward a sin&ce of the specimen daring use; 
and 

a detection system coiq>led to the illumination system and configured to detect energy 
propagating from die surface of die specimen during use» wherein the measurement device is 
S configured to generate one ormore output signals responsive to die detected energy; 

a local processor coupled to die measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controller concenter coupled to the local processor, wherein the remote controller coII^)Uter is 
configured to receive the at least partially processed one or more ou^ut signals and to determine a first 
1 0 property and a second property of the specimen from die at least partially processed one or more ou^ut 

signals during use, wherein the first property comprises a critical dimension of the specimen, and wherein 
die second property cornprises a thin film characteristic of the specimen. 

1 84. A method for determining at least two properties of a specimen, comprising: 



1 S dioposnjg the spscimcji u^/on a stage, Wa^rcui the stage is cci^/lcd to a mcasursmeiit dcvicCi ssd whersm 

the measurement device con^)rises an illumination system and a detection system; 
dutecting energy toward a surface of die specimen using the iUumination system; 
detecting energy propagating fix>m die surface of the specimen using the detection system; 
generating one or more outjmt signals responsive to die detected energy; and 
20 processing the one or more output signals to determine a first property and a second property of die 

specimen, wherein the first property comprises a critical dimension of the specimen, and wherein the 
second property comprises a thin film characteristic of the spedmen, comprising: 

at least partially processing the one or more output signals using a local processor, wherein die 
local processor is coupled to the measurement device; 
25 sending the partially processed one or more output signals from the local processor to a remote 

controller computer; and 

fiirdier processing the partially processed one or more output signals using the remote controller 
con^)uter. 

30 185. A system configured to determine at least tiiree properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 
a measurement device coupled to the stage, cozzqirising: 

an illumination system configured to dnect energy toward a surface of die specimen during us e; 

and 

35 a detection system cotjpled to the illumination system and configured to detect energy 

propagating from the surfece of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals in response to the detected en^gy during use; 
and 
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aprocessox coupled to iht measurement device and configured to determine a first property, a second 
property, and a third property of die specimen fix>m the one or more ou^ut signals during use, wherein the 
first property conqnises a critical dimension f&e specimen, wherein the second property conq>xise5 a 
presence of defects on the specimen, and herein the third piopraty conqmses a diin fihn characteristic of 
die specimen. 

186. The system of claim 185, ^erem die measurement device further comprises a non-imaging scattBron:ietBr. 

187. The system ofclaim 185, ^^^berem die measurement device farther con^ 

1 88. The system of claim 185, wherem the measurement device finlher comprises a spectroscopic 
scatterometer. 

1 89. The system of claim 1 85, wherein the measurement device furdier comprises a reflectometer. 

190. The system of claim 185, wherein die measurement device further conq>rises a spectroscopic 
reflectometer. 

191. The system of claim 185, wherein die measurement device further con^rises a coherence probe 
microscope. 

192. The system of claim 1 85, wherein die measurement device furdier comprises a bright field imaging device. 

193. The system of claim 1 85, wherein the measurement device further conquises a dark field imflgj^g device. 

194. The system of claim 185, wherein the measurement device further comprises a bright field and dark field 
imaging device. 

195. The system of claim 1 85, wherein die measuremmt device further comprises a non-imaging bright field 
device. 

196. The system of claun 1 85, wheiem die measurement device fizrfher comprises a non-imaging dark field 
device. 

197. The system of claim 1 85, wherein the measurement device further conq)rises a non-imaging bright field 
and dark field device. 

198. The system of claim 185, wherein the measorement device further comprises an ellipsometer. 
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199. Hie system fclaim 185, wherein the measureineaCdeivice&i^ 



200. Hie system of claim 185, wherein the measurement device further comprises a dual beam 
spectrophotometer. 

201. Hie system of claim 185, \idierein flie measurement device further conqnises a beam profile eUipsometer. 

202. Hie system of claim 1 85, vdierein die measurraient device further compnses at least a first measurement 
device and a second measurement device, and wherein the first and second noeasurement devices are selected from 
tte group consisting of a non-imaging scatterometer, a scatteirometer, a spectroscopic scatt^ometer, a 
reflectometer, a spectroscopic reflectometer, a coherence probe microscope, a bright field imaging device, a dadc 
field imaging device, a bright field and daik field imaging device, a non-imaging bright field device, a non-imaging 
dark field device, a non-imaging bright field and dark field device, an eUipsometer, a spectroscopic eUipsometer, a 
dual beam spectrophotometer, and a beam profile eUipsometer. 

203. Hie system of claim 185, wherein &e defects conqmse mioo defects and macro defects. 

204. Hie system of claim 1 85, wherein die defects coiiq)rises micro defects or macro defects. 

205. Hie system of claim 185, wherein die thin fihn characteristic comprises a thickness of a copper film, and 
wherein the defects comprise voids in the copper film 

206. Hie system of claim 1 85, wherein the defects comprise macro defects on a back side of die specimen, and 
wherein the macro defects coniprise copper contamination, 

207. Hie system of claim 185, wherein the processor is further configured to determine a fourth property of die 
specimen fiom die one or more output signals during use, and wherein the fourth property is selected fiom die 
groiq> consisting of a roughness of the specimen, a roughness of a layer on die specimen, and a roughness of a 
feature of die specimeiL 

208. Hie system of claim 207, wherein die system is coupled to a process tool selected fiom die group 
consisting of a lithography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool. 

209. Hie system of claim 1 85, wherein the illumination system is fiirther configured to direct energy toward a 
bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 
propagating fixjm the bottom surface of the specimen during use, and wherein the second property further 
coir^nses a presence of defects on the bottom surface of the specimen 
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210. Hie system of daim 209, wherein tiie defects con^iise macro defects. 



211. Hie system of claim 185» wherein the illumination system and the detection system conq)ri5e non-optical 
components, and wherein &e detected energy is responsive to a non-optical chaxacte^ fthe 
specimen. 

212. The system of claim 185, ^dierein the measurement device further conqmses at least an eddy current 
device and a spectroscopic ell^>someter. 

213. The system of claim 185, wherein the measurement device further con^rises at least an eddy current 
device and a spectroscopic ellqssometer, and wherein ^ system is coi^led to an atomic layer deposition tool 

214. The system of claim 185, wherein the system is further configured to determine at least tiu:ee properties of 
the specimen substantially simultaneously durrog use. 

215. Ihe system of claim 185, wherein flie system is coi^led to a process tool, and wherein the process tool is 
selected firom the gnn^) consisting of a litfaogn^hy tool, an etch tool, and a deposition tooL 

216. A method for determining at least three properties of a specimen, comprising: 

disposing &e specimen upon a stage, wherein the stage is coiq>led to a measurement device, and wherein 
tiie measurement device conqnises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using the detection system; 
generating one or more ou^ut signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property, a second property, and a ^d 
property of the specimen, wherein the first property con^rises a critical dimension of the specimen, 
wherein ^ second property comprises a presence of defects on the specimen, and wherein the third 
property con:q>rises a Mi film characteristic of the spedmexL 

217. A conqiuter-iix^lemented method for controlling a system configured to detemune at least three properties 
of a specimen during use, wherein the system conqmses a measurement device, comprising: 

controlling the measurement device, wherein the measurement device cQnq)ri5e5 an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, conqirising: 

controlling the illumination system to direct energy toward a surface of the specimen; 

controlling the detection system to detect energy propagating fiom the sui&ce of the specimen; 

and 

generatiag one or more output signals in response to the detected energy; and 
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processing the one or more output sigoals to detennine a first property, a second property, and a &ird 
property f tiie specimen, wherein the first property con^iises a critical dimension of die spec imen , 
wherein the second property con^nses a presence f defects on the specimen, and wherein die third 
property comprises a dun fibncbflxacteiistic of the specimen. 

5 

218. A semiconductor device &bzicated by a mediod, die mediod comprising: 
fonning a p ortion of the semiconductor device i^>on a specimen; 

disposing the specimen i^on a stage, wherein die stage is coiq>led to a measurement device, and wherenx 

the measurement device comprises an illmmnation system and a detect 
10 directing energy toward a surface of the specimen using the ilhrniinatian system; 

detecting energy propagating from the surface of die specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine a first property, a second property, and a third 

property of the specimen, wherein the first property comprises a critical dimension of die specimen, 
15 whcrcin Hkd second piupeity compiiSco a pics^uc^ of ucfects ub me spcOimeji, aiiu wuciciu the uiifu 

property con^iises a diin film characteristic of the specimen. 

219. A method for fabricating a semiconductor device, conqmsing: 
forming a portion of the semiconductor device upon a specimen; 

20 disposing die specimen upon a stage, wherein die stage is coiq)led to a measurement device, and wherein 

die measurement device con^rises an illumination system and a detection system; 
directing energy toward a surface of the specimen using die illumination systCTi; 
detecting energy propagating fi'om the surface of die specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 

25 processing the one or more ou^ut signals to determine a first property, a second property, and a third 

property of the specimen, wherein the first property comprises a critical dimension of the specimen, 
wherein die second property coniprises a presence of defects on die specimen, and wherein the third 
property comprises a diin film characteristic of the portion of the specimen. 

30 220. A system configured to determine at least three properties of a specimen during use, con^irising: 
a stage configured to si^ort the specimen during use; 
a measurement device coupled to the stage, con^irising: 

ant illumination system configured to direct energy toward a surface of the specimen during use; 

and 

35 a detection system coupled to the illumination system and configured to detect energy 

propagating firom the surface of die specimen during use, wherein die measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
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a local piocessor coiq)led to the measurement device and configured to at least partialfy process the one or 
more ou^ut signals during use; and 

a remote controller con^uter coupled to the local processor, wherein fht remote controller coaster is 
configured to receive the at least partially processed one or more u^ut signals and to detenmne a first 
5 property, a second property, and a ^d property of the specimen from the at least partially processed one 

or moxe output signals daring use, wheiem the first property ccsnprises a critical dunension of &c 
specimen, wherein tiie second property comprises a presence of defects on the specimen, and wherem tiie 
third property conqmses a thin fihn characteristic of fte specimen. 

221. A method for detenmning at least three pnq)erties of a specimen, coixq>ri 
disposmg the specimen upon a stage, wherein stage is coupled to a measurement device, and wherein 
&e measurement device conqyrises an illummation system and a detection systen^ 
directing energy toward a sur&ce of the specimen using the illumination systena; 
detecting energy propagating fiom the surface of the specimen using the detection system; 
generatiTig one OT more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property, a second property, and a &ird 
property of &e specimen, wherein the first property conspxtsts a oitical dimension of tiie spedmen, 
wherein Hie second property comprises a presence of defects on ^e specunen, and wher^ the tiurd 
property comprises a thin fiJm characteristic of &e specimen, conqirising: 

at least partially processing &e one or more output signals using a local processor, wherein the 
local processor is coupled to the measurement device; 

sending the partially processed one or more ou^ut signals firom the local processor to a remote 
controller con^uter; and 

further processing tiie partially processed one or more output signals using the r^note controller 
computer. 

222. A system configured to determine at least two properties of a specimen during use, conq>rising: 
a stage configured to support I3ac specimen during use; 
a measurement device coupled to the stage, CQnq)rismg: 

30 an illuminatian system conjured to direct energy toward a surface of the specimen during use; 

and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more ou^t signals responsive to the detected energy during use; 
35 and 

a processor coiq)led to fte measurCTent device and configured to determine a first property and a second 
property of the specimen from the one or more output signals during use, wherein the first property 
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coiiq)rises a presence f macro defects on the specimen, and wherein &e second property conq)rises a 
presence of micr defects on the specimen. 

223 The system of claim 222, herein the measuremrat device fiirdier comprises a non-imaging scatterameter. 

224. The system of claim 222, ^»dierein the measuremort device further conqirises a scatt^ometer. 

225. Hie system of claim 222, wherein the measurement device fixrtfaer comprises a spectroscopic 
scatterometer. 

226. The system of claim 222, wherein the measurement device farther comprises a reflectometer. 

227. Hie system of claim 222, wherein the measurement device tother comprises a spectroscopic 
reflectometer. 

228. The system of claim 222, wherein the measurement device &rther conqsrises an ellipsometei. 

229. Hie system of claim 222, wherein ^ measurement device fiiiflier comprises a spectroscopic ell^someter. 

230. Tlie system of claim 222, wherein the measurement device fiirflier comprises a bright field imaging device. 

23 1 . The system of claim 222, wherein the measurement device furdier con^rises a dark field imagmg device. 

232 . The system of claim 222, wherein the measurement device further coII^)rises a bright field and dark field 
imaging device. 

233 . Hie system of claim 222, wherein the measurement device further comprises a non-imaging bhght field 
device. 

234. The system of claim 222, wherem &e measurement device further comprises a non-imaging dark field 
device. 

235. The system of claim 222, wherein Ihe measurement device further comprises a non-imagmg bright field 
and dark field device. 

236. The system of claim 222, wherein the measurement device further con^rises a double dark field device. 
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237. ITie system f claim 222, wherein the measuremfint device forthCT 

device and a second measurement device, and wherein the fu:st and second measurement devices are selected firom 
the group consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
leflectometer, a spectroscopic leflectometer, an ellq)someter, a spectroscopic ellipsometor, a bright field nnaging . 
S device, a dark field imi^ing device, a bright field and dark field imagii^ device, a non-imagix^ bright field device, 
a non-imaging dark field device, a non-imagmg hrig^ field and dark field device, a double dark field device, an X- 
ray reflectcmieter, an X-ray fluorescence device, an optical fluorescence device, an ed^ current imaging device, 
and a relatively large spot e-beam device. 

10 238. The system of claim 222, wherein the processor is fiirdier configured to determine a third property fi-om 
die one or more output signals daring use, wherein tiie tiiird property coiiq)iises a diickness of a copper fihn, and 
wherein the macro defects or the micro defects conqirise voids in Hie copper film. 

239. The system of claim 222, wherein the macro defects comprise copper contamination on a back side of the 
1 S specimeiL 

240. The system of claim 222, wherein the processor is fiirtiber configured to determine a third property of die 
specimen fiom the one or more output signals during use, and wherein the third property is selected firom the group 
consisting of a roughn^ of the specin^ a roughness of a layer on die specimen, and a roughness of a feature of 

20 the specimen. 

24 1 . The system of claim 240, wherein the system is coi^led to a process tool selected fi-om the groiq> 
consisting of a Uthography tool, an atomic layer deposition tool, a cleaning tool, and an etch tooL 

25 242. The system of claim 222, wherein the illumination system is further configured to direct energy toward a 
bottom sur&ce of the specimen during use, wherein the detection system is further configured to detect energy 
propagating from tiie bottom sur&ce of the specimen dming use, and wherein the first property further conq>rises a 
presence of macro defects on the bottom sur&ce of the specimen. 

30 243. The system of claim 222, wherein the system is coupled to a process tool, and wherein the process tool is 
selected firom the group consisting of a lithogr^hy tool, an etch tool, an ion inqilanter, a chemical-mechanical 
polishing tool, a dq)osition tool, a tiiermal tool, a cleaning tool, and a plating tool. 

244. A method for determining at least two properties of a specimen, coii^rising: 
' 35 disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and ^^erein 

the measurement device conq)rises an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using the illumination system; 
detecting energy propagating fiom tiie surface of die specimen using the detection system; 



177 



wo 02/25708 PCT/USOl/42251 
generating one or more ulput signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of tiie 
specimen, wherein Hic first property conqnises a presence of macro defects on fbR specinoien, and herein 
the second property con^)rises apresence of micro defects on flie specimen. 

5 

245 . A computer-implemented me&od for conttoUing a system configmed to detemune at least two properties 
of a spechnen during use, wherein the system conqnises a measurement device, conqirising: 

controlling die measurement device, wherein the measurement device conqnises an illunsination system 
and a detection system, and wherein the measurement device is coi^led to a stage, con^rising: 
1 0 controlling the iUumination system to direct energy toward a surface of the specimen; 

controlling tiie detection system to detect energy propagating from the surface of the specimen; 

and 

generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
1 5 specimen, wherein the first property conmrise^ a presence of macro defects on the specimen, and v/bsisin 

the second property comprises a presence of micro defects on die specimea 

246. A semiconductor device fabricated by a mettiod, tise med&od comprising: 
formmg a portion of the semiconductor device yspoa a specimen; 

20 disposing the specimen i^n a stage, wherein the stage is coiqsled to a measurement device, and wherem 

the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from &e surface of the specimen using die detection system; 
generating one or more output signals in response to the detected energy; and 

25 processing the one or more ou^ut signals to detecmine a first property and a second property of the 

specimen, wherein die first property con^rises a presence of macro defects on the specimen, and wherein 
the second property conqyrises a presence of micro defects on the specimert 

247. A method for fabricatiiig a semiconductor device, comprismg: 
30 forming a portion of the semicondactor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detectmg energy propagating from &e surface of the specimen using the detection system; 
3 S generating one or more output signals responsive to die detected energy; and 

processmg the one or mare output signals to determine a first property and a second property of tiie 
specimen, wherein the first property conqirises a presence of macro defects on the specimen, and ^erem 
die second property conqirises a presence of micro defects on the specimen. 
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248. A system configured to detennine at least two properties of a specimen during use, con]prising: 
a stage configured to support the specimen during use; 

a measurement device coi^led to fht stage, conqirising: 

an iUmnination system configured to direct eneigy toward a sur&ce of the specimen during use; 
and 

a detection system coupled to the ilhuoination systm and configured to detect enecgy 
propagating fin>m Ifae surface of the specimen during use, wherein fte measurement device is 
CQn^;uied to genmte one or more output signals responsive to tiie detected enogy; 

a local processor coupled to &e measurement device and configured to at least partially process &e one or 

more output signals during use; and 

a remote controller computer coixpled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more output signals and to determine a first 
property and a second property of the specimen fix}m the at least partially processed one or more ou^ut 
signals during use, wherein the first property conq)iises a presence of macro defects on the specimen, and 
wherein tiie second property compiisa<i a pmscnGe of saicro defects ea fhe specinssn. 

249. A method for detemiming at least two properties of a specimen, comprising: 

disposing the specimen i^on a stage, wherein die stage is coupled to a measurement device, and wherein 
&e measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using die illumination system; 
detecting energy propagating fi-om the surface of fhe specimen using the detection system; 
generating one or more output signals responsive to die detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein die first property conq>rises a presence of macro defects on die spedmen, and wherein 
die second property con^rises a presence of micro defects on the specimen, con^rising: 

at least partial^ processing die one or more ou^ut signals using a local processor, yi/herem die 

local processor is coupled to die measurement device; 

sending the partially processed one or more output signals from the local processor to a remote 
controller computer; and 

fiirther processing die pardally processed one or more output signals using the remote controller 
conq>uter. 

250. A system configured to detennine at least three properties of a specimen during use, comprising: 
a stage configured to siq}port die spechnen during use; 

a measurement device coupled to the stage, conq>rising: 

an ilhrniinafion system configured to direct eneigy toward a surface of the specimen during use; 
and 
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a detection system coupled to the iUuminatioii system and confLgined to detect energy 
propagating from the sur&ce of the specimen doling use, herein tiie measurement device is 
configured to generate ne or more oulput signals responsive to the detected eneigy during use; 
and 

a processor coupled to ^ measuremBixt device and configured to detennine a first property, a second 
property, and a third pi op e ity of the specimen from the one or more output signals during use, ^iierein the 
first property conpnses a flatness measurement of die sfpecimen, wherein die second property cos9)rises a 
presence of defects on die specimen, and wherein the third property conqorises a thin fifan characteristic of 
thespecimen. 

25 1 . The system of claim 250, wherehi the measurement device further con^srises an optical piofilometer. 

252. Ihe system of claim 250, wherein the measurement device frirdier conq>rises an interferometer. 

1 5 253. The system of claim 250, ^vitoein die measurement device furdier conumses a snectioscopic 
refiectometer. 

254. The system of claim 250, i;^ierein die measurement device frudier comprises a spectroscopic el]q;)SQmetBr. 

20 255. The system of claim 250, wherein the measurement device frirdier conqirises a dual heam 
spectrophotometer. 

256. The system of claim 250, wherein die measurement device frirther comprises a beam profile ellipsometer. 
25 257. The system of claim 250, wherein die measurement device fiirther conqnises a non-imagmg scatterometer. 

258. Ihe system of claim 250, wherein the measurement device finfher conqnises a scatterometer. 

259. Hie system of claim 250, wherem the measurement device further comprises a spectroscopic 
30 scatterometer. 

260. The system of claim 250, wherein the measurement device further con^rises a refiectometer. 

261 . The system of daun 250, wherein the measurement device furCher comprises an ellipsometer. 

35 

262. Ihe system of claim 250, wherein die measurement device furdier conqirises a bright field imagmg device. 

263. The system of claim 250, wherein the measurement device further cos^rises a dark field imaging device. 
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264. The system f claim 250, wixerein ^ measurement device fitr&er conpiises a bright field and daik field 
imaging device. 

265. The system of claim 250, wherein the measurement device fiirAer conqirises a non-imaging bright field 
5 device. 

266. Hie system of claim 250, wherein the measurement device finAer comprises a non-imaging dadc field 
device. 

10 267. The system ofclaim 250, wherein tiie measurement device further con^rises a non-h 
and daiic field device. 

268. The system of claim 250, herein the measurement device further comprises a double dark field device. 

1 5 269. The system of claim 250^ herein die measuremsst device &rdier cc ns p r ises at least a first mswiSuiSajx 
device and a second measurement device, and wherein the first and second measurement devices are selected fixmi 
the groi^ consisting of an optical profilometer, an interferometer, a spectroscopic reflectometer, a spectroscopic 
ellipsometer, a dual beam spectrophotometer, a beam profile ell^isometer, a non-imaging scatterometer, a 
scatterometer, a spectroscopic scatterometer, a reflectometer, an ellq>someter, a bright field imaging device, a dadc 

20 field imaging device, a brigiht field and dark field imaging device, a non-imaging brig^ field device, a non-imaging 
dark field device, a non-imaging bright field and dark field device, and a double dark field device. 

* 

270. The system of claim 250, wherein the defects comprise micro defects and macro defects. 

25 27 1 . The system of claim 250, wherein &e defects comprises micro defects or macro defects. 

272. The system of claim 250, wherem the thin fihn characteristic comprises a thickness of a copper fibn, and 
wherein the defects conq)rise voids in the copper film. 

30 273. Hie system of claim 250, wherem the defects con^mse copper contamination on a back side of the 
specimen. 

274. The system of claim 250, wherein the processor is further configured to determine a fourtti property of the 
specimen from the one or more output signals during use, and wherein the fourth property is selected from the 
35 group consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a 
feature of fhs specimen. 
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27 5 . TTie system of claim 274, wherein the system is coupled to a process tool selected from the group 
consisting of a lithogr^hy tool, an atomic layer depositton tool, a cleaning tool» and an etch tool. 
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276. Ihe system of claim 250, wherein the illumination system is forther configured to direct energy toward a 
bottom sur&oe of fbt specimen during use, i!^ienin tiie detection system is fiir&er configured to detect energy 
propagating from the bottom surfkce of die spedmen during use, and wherein the second property furdier 
comprises a presence of defects on the bottom sur&ce of the specimen. 

277. The system of claim 276, wherem die defects conqxrise macro defects. 

278. The system of claim 250, wherein the iOuminatiQn system and the detection system comprise non-optical 
conqionents, and wherein &e detected energy is responsive to a non-optical diaracteristic of die specimen. 



279. The system of claim 250, wherein the system is coupled to a process tool, and wherein the process tool is 
1 S selected from die grotm consistine of a Ij^ngraphy tool, sn ttch tool, a chenncal-ineciiaiiii^ai pOii^Ling tool, and a 

thermal tool 

280. A method for determining at least diree properties of a specimen, comprising: 

disposmg the spedmen upon a stage, wherein the stage is coupled to a measurement device, and herein 
20 die measurement device conqxrises an illummation system and a detection system; 

directing energy toward a surface of die specimen using the illumination system; 

detectmg energy propagating from the surface of die specimen using the detection system; 

generating one or more ou^ut signals responsive to the detected energy; and 

processing die one or more output signals to detemune a first property, a second property, and a dtird 
25 property of die specimen, wherein the first property comprises a flatness measurement of the specimen, 

wherein the second property comprises a presence of defects on the specimen, and wherem die third 

property cQn:pises a diin film characteristic of the specimen. 

281. A computer-in^lemented method for controUmg a system configured to determine at least diree properties 
30 of a specimen during use, wherein the system comprises a measurement device, comprising: 

controlling the measurement device, wherein die measurement device comprises an illumination system 
and a detection system, and wherein the measurement device is coigjled to a stage, con^jrising: 

controlling the iUumination system to direct energy toward a sur&ce of the specimen; 

controlling the detection system to detect energy propagating from die surface of die specimen; 
35 and 

generating one or more ou^ut signals responsive to die detected energy; and 
processmg the one or more ou^ut signals to determine a first property, a second property, and a third 
property of die specimen, wherein the first property comprises a flatness measurement of the spedmen. 
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whfiieizi the sec nd property con^nises a presence f defects on the specimen* and wherein tiie third 
property consprises a thin fihn characteristic of Ihe specinien. 



282. A sendconductor device fibricated fay a meftod, die method con^rising: 
fonmog a portion of the semicondoctor device upon a specimen; 

disposing the specimen upon a stage» wherein the stage is coupled to a measurement device, and wherein 

the measurement device conqxrises an illumination ^stem and a detection systen^ 

directing energy toward a sui&ce of the specimen using the illumination system; 

detecting energy propagating firom fte sor£^ of the specimen using ^ detecti^ 

generatmg one or more oulput signals responsive to the detected energy; and 

processing tiie one or more ou^t signals to determine a first property, a second property, and a third 

property of tlie specimen, wherein the first property con^rises a flatness measurement of die specimen, 

wherein the second property con^rises a presence of defects on the specimen, and wherein die third 

property con:q)rises a thin film characteiistic of die specimen. 

283. A me&od for ^bricating a sennconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the spechnen upon a stage, wherein die stage is coupled to a measurement device, and whereui 
the measurement device conqirises an illununadon system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surfiace of die specimen using die detection system; 
generating one or more output signals in response to the detected energy; and 
processing tiie one or more output signals to determine a first property, a second property, and a third 
property of the specimen, wherein die first property coi]:q)rises a flatness measurement of die specimen, 
wherein the second property comprises a presence of defects on the specimen, and wherein the durd 
property campiises a diin fihn characterisdc of die specimen. 

284. A system configured to detennine at least diree properties of a specimen during use, conqxrising: 
a stage configured to support die specimen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the iUumination system and configured to detect energy 
propagating fi^om the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals m response to the detected energy 

a local processor coupled to the measurement device and configured to at least partially process die one or 

more output signals during use; and 
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a remote controller conqmter coupled to the local processor, wherein the remote controller con^mter is 
configured to receive the at least partially processed one r more output signals and to detennine a first 
property, a second property, and a dmd property f the specimen firom &e at least partially processed one 
ormore u^ut signak during use, wherein the first property conqirises a flatness zneas^ 
spedmen, \(dierein ^ second property con^xrises a presence of defects on the specimen, and wherein flie 
ftird property conq)rises a diin fihn characteristic of flie spedzn^. 

285. A meAod for detexmining at least three properties of a specimen, comprising: 

disposing the spcdmca \xpoji a stage, wherein the stage is coupled to a measurement device, and wherein . 

the measurement device comprises an illumination system and a detection system; 

directing energy toward a surface of the specimen using ihs iUumination system; 

detecting energy propagating from the sui&ce of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to detennine a first property, a secoiui property, and a third 

property of die specimen, wherein the first property con^siises a flatnej» m^suremsst of the spccisieii, 

wherein the second property cawpmcs a presence of defects on the specimen, and wherem the durd 

property conq>rises a thin fihn characteristic of die specimen, conqirising: 

at least partialty processing the one or more ou^t signals using a local processor, wherein the 

local processor is coi^led to the measurement device; 

sending die partially processed one or more output signals &om the local processor to a remote 
controller computer; and 

furdier processing the partially processed one or more output signals using die remote controller 
computer. 

286. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a measurement device coupled to die sts^e, conqnising: 

an ilhiminadon system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating firom the surface of the specimen during use, wherein the measurement device is 
configured to generate one or more ou^ signals responsive to die detected energy during use; 
and 

a processor coupled to the measurement device and configured to determine a first property and a second 
property of die specimen fiom the one or more ou^ut signals during use, wherein the first property 
comprises overlay misregistxation of the specimen, and wherein the second pr operty comprises a flatness 
measurement of die spedmen. 
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287. The system f c laiTTi 7R6^ wherem the meajmrement device furtfacr conqgises a coherence probe 
microscope. 

288. The system of claim 286, wherem flie measnr^oMnt device fuidier conqnises an interlierometer. 

289. The system of claim 286, wherein the measurement device furtfa^ cozq^rises an optical profilometer. 

290. Tlie system of claim 286, wherein the measuxement device fiirtfaer con^rises a spectroscopic 
reflectometo. 

291. Hie system of claim 286, wherein the measurement device furtlier conq)iises a spectroscopic eHipsometer. 

292. Hie system of claim 286, wherein the measurement device further comprises a dual beam 
spectrophotometer. 

293. Hie system of claim 286, wherein the measurement device further CQnq)rises a beam profile ellipsometer. 

294. The system of claim 286, wherein the measurement device fiirlher comprises a non-imaging scatterometer. 

295. The system of claim 286, wherein the measurement device farther conq>rises a scatterometer. 

296. The system of claim 286, wherein the measurem^t device furdier cocoprises a spectroscopic 
scatterometer. 

297. The system of claim 286, wherein the measurment device further con93nses a reflect^mieter. 

298. The systmn of claim 286, wherein the measurement device fbrther cooprises a bright field imaging device. 

299. The system of claim 286, wherein the measurement device farther comprises a dadc field imaging device. 

300. The system of claim 286, wherein tiie measurement device further conqmses a bright field and dark field 
imaging device. 

30 1 . The system of claim 286, wherein the measurement device further comprises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected fit>m 
&e group consisting of a coherence probe microscope, an interferometer, an optical profilometer, a spectroscopic 
reflectometer, a spectroscopic ellq)Someter, a dnal beam spectrophotometer, a beam profile ellipsometer, a non- 
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imaging scatterometer, a scatterometer, a spectroscopic scatteiometer, a reflectometer, a bright field imagixig 
device, a daxk field imagrng device, and a bright field and daric field imaging device. 

302. The sy stm of claim 2S6, wheiem ^ ilbnmiation system is foAsr configured to diiect eneigy to nni]iq)le 
S locations on the surface of the specimen substantiaDy simnUaneously, and wherein die detection system is findier 
configured to detect eneigy propagating firom the multiple locations on die sui&ce of the specimen substantially 
siniultaneously such that one or nioie of die at least two properties of die s^ 
nmlt^ile locations substantially shxndtaneousfy. 

10 303 . The system of claim 286, wherein die system is coiJ^led to a lithography tool, wherein die system is 
configured to determine the flatness measurement of the spechnen prior to an exposure step of the lidiogr^hy 
process, and wherein the system is configured to determine die overlay misregistration subsequent to die exposure 
step of the hthography process. 

IS 304. The system of claim 286, wherein the system is coupled to a process tooL and wherein the process tool 
coiB^rises a Hdiography tool 

305. A mediod for determhmig at least two properties of a specimen, comprising: 
disposing the specimen upon a stage, wherein the stage is coiq>led to a measurement device, and wherem 
the measurement device conqxrises an illumination system and a detection system; 
directing energy toward a sui£ice of the specimen using the illumination system; 
detecting ene^ propagating from the sur&ce of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises overlay misregistration of the specimen, and wherein the 
second property con:9rises a flatness measurement of the specimen. 

306. A conqiuter-in^ilemented mediod for controlling a system configured to determine at least two properties 
of a specimen dnring use, wherein die system conqirises a measurem^t device, the method comprising: 

30 controlling the measurement device, wherein die measurement device conqirises an illumination system 

and a detection system, and wherein die measurement device is coupled to a stage, coinpiising : 
controlling the illumination system to direct energy toward a sur&ce of the specimen; 
controlling die detection system to detect energy propagating firom die surface of the specimen; 
and 

35 generating one or more output signals responsive to die detected energy; and 

processing the one or more ou^ut signals to determine a first property and a second property of die 
specimen, wherein die first property comprises overlay misregistration of the specimen, and wherein the 
second property conq)rises a flatness measurement of die specimen. 
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307. A semiconductor device fabricated by a mediod, the me&od con^xising: 
fanning a portion of &e semicondnctor device upon a specimen; 

disposing the specimea upon a stage, whoein flie stage is coupled to a measurement device, and wherein 

the measurement device con^rises an iSumination system and a detection system; 

dixectmg eniogy toward a sur&ce of the specimen using the iOmnination system; 

detecting energy pn)pagating fiom the sur£u:e of the specimen nsing ft^ 

generating one or more output signals responsive to the detected energy; and 

processing the one or more ou^ signals to determine a first property and a second property of the 

specimeri, wherein the first property CQixQ)risesoverhymisregistmtion of &e specimen . 

second property conqxrises a flatness measurement of the specimeiL 

308. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
tlie measurement device comprises an ilhunination system and a detection system; 
directing energy toward a sui&ce of the specimen using die ilhunination system; 
detecting energy propagating fiom the sur&ce of the spedmen using the detection system; 
generating one or more ou^ut signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherem the first property conqirises overlay misregistration of the specimen, and wherein the 
second property comprises a flatness measurement of the spedmeiL 

309. A system configured to determine at least two properties of a specimen during use, conqxrising: 
a stage configured to support die specimen during msq; 

a measurement device coupled to the stage, con^irising: 

an inumination system configured to direct energy toward a surfiu:e of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagatixig fiom the surfiice of the specimen duxmg use, wherem the measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 

a local processor coi^led to the measurement device and configured to at least partially process die one or 

more output signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
configured to receive tiie at least partially processed one or more output signals and to determine a first 
property and a second property of die specimen fiom the at least partially processed one or more ou^ut 
signals during use, wherein tiie first property conq)rises overlay misregistration of the specimen, and 
wherein the second property con^rises a flatness measurement of the specimeiL 
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3 10. A method for detennimng at least two properties of a specimen, conqmsing: 

disposing the specimen Mpan a stage, \^erein tiie stage is coiipled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection S3fstcm; 
directing energy toward a surface f fte specimen using die illumination system; 
5 detecting energy propagating from die surface of die specimen using die detection system; 

generating one oi more output signals responsive to die detected energy; and 
processing the one or more ou^ut signals to determine a first property and a second property of the 
specimen, i^^ierein die first property conqirises overlay misregistration of die specimen, and whoein die 
second property conqnises a flatness measurement of the specimoi, conprising: 
10 at least partially processing die one or more output signals using a local processor, wherein die 

local processor is coiq>led to die measurement device; 

sending die partially processed one or more ou^ut signals £tom the local processor to a remote 
controller con^uter, and 

furdier processing the partially processed one or more output signals using the remote controller 
1 5 cmrmiiteT. 

3 1 L A system configured to determine at least two properties of a specimen during use, conqirising: 
a stage configured to support die specimen during use; 
a measurement device coupled to die stage, comprisii^: 
20 an ilhimination system configured to direct energy toward a sur&ce of the specimen during use; 

and 

a detection system coupled to die illumination ss^tem and configured to detect energy 
propagating from die surface of the specimen during use, wherein the measurement device is 
configured to generate one or more ou^ut signals responsive to the detected energy during use; 
25 and 

a processor coi^led to the measurement device and configured to determine a first property and a second 
property of the specimen from the one or more ou^t signals durmg use, wherein the first property 
comprises a characteristic of an ii2q)lanted region of the specimen, and wherein die second property 
comprises a presence of defects on the spedmen. 
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3 12. Hie system of claim 311, wherein the measurement device furdier comprises a modulated optical 
reflectometer. 



313. The system of claim 311, wherein the measurement device further conq>rises an X-ray reflectance device. 

35 

3 14. The system of claim 311, wherein the measurement device iurdier comprises an eddy current device. 

3 15. The system of claim 311, wherein the measurement device further conq}rises a photo-acoustic device. 
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316. Hie system of claim 311, whereiii ^ measurement device fbidicr compzises a spectroscopic ellipsometer. 

317. llie system of claim 3 11, wherein die measuiemeni device fnrt^ 
reflectometer. 

5 

318. The system ofclaim311,^eremtbe measurement device fuitto 
spectrophotometer. 

319. Ihe system of claim 311, herein tiie measurement device further comprises a non-imaging scatteromet^. 

10 

320. The system of claim 311, wherein tiie measurement device fur&er compnscs a scatterometer. 

321 . The system of claim 311, wherein die measurement device further comprises a spectroscopic 
scatterometer. 

15 

322. The system of clahn 311, wherein die measurement device further conqirises a reflectometer. 

323. The system of claim 311, wherein die measurement device furdier compmes an ellq>someter. 

20 324. The system of clahn 311, whraein the measurement device furdier con^xrises a non-imaging bright field 
device. 

325. The system of claim 311, wherem the measurement device furdier con^rises a non-imaging dark field 
device. 

25 

326. The system of claim 311, wherein die measurement device further comprises a non-imaging bright field 
and dark field device. 

327. The system of claun 311, wherem the measurement device furdier comprises a bright field imaging device. 

30 

328. The system of chum 311, wherem the measurement device furdier conqirises a dadc field imagmg device. 

329. The system of clahn 311, wherem the measurement device furdier conpises a bright field and daik field 
imaging device. 

35 

330. The system of claim 311, wherein die measurement device further coioprises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected firom 
the groi^ consisting of a modulated optical reflectometer, an X-ray reflectance device, an eddy current device, a 
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photo-acoustic device, a spectroscopic eB^someter, a spectroscopic leflectometer, dual beam spectrophotometer, a 
Bon-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a refLectometer, an ellq^someter, a non- 
imaging bright field device, a non-imaging dadc field device, a non-imaging briight field and dark field device, a 
bright field imaging device, a dark field imaging device, and a bright field and da± field imaging device. 

5 

331. The system of claim311, wherein Ihe measurement device further comprises non-optical components, and 
wherein die detected energy is responsive to a non-optical characteristic of tiie specimen. 

332. The system of claim 311, wherein the chaiacterisHc of the iixq>lanted region is selected fiom die group 
10 consisting of a presence of ions in the in^lanted region, a concentration of ions in the im^ilanted region^ a depth of 

the implanted region, and a distribution profile of the inqilanted region. 

333. The system of claim 311, wherein the defects comprise micro defects and macro defects. 
1 5 334. The system of claim 311, wherein the defects ccn^nses micro defects or macro defects. 

335. The system of clahn 311, wherein the illumination system is finlher configured to direct energy toward a 
bottom sur&ce of the specimen during use, wherein the detection system is further configured to detect energy 
propagating fiom the bottom surfoce of the specim^ during use, and wherein the second property further 

20 conqnises a presence of defects on the bottom sur&ce of &e specimen. 

336. The system of claim 335, wherein the defects comprise macro defects. 

337. The system of claim 311, wherein the system is coupled to a process tool, and wherein the process tool is 
25 selected firom the group consistiiig of an ion in^lanter and a thermal tool. 

338. A metiiod for determining at least two properties of a specimen, comprising: 

disposing the specimen i^n a stage, wherein the stage is coi^led to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 

30 directing energy toward a sur&ce of the specimoa using the illumination system; 

detecting enei^ propagating fiom the sur&ce of the spechnen using the detection systes^ 
generating one or more ou^ut signals responsive to Ae detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein die first property comprises a characteristic of an iiiq)lanted region of fiie specimen, 

35 and wherein the second property comprises a presence of defects on the specimen. 

339. A computer-in^lemented method for contcollmg a system configured to determine at least two properties 
of a specimen during use, wherein the system conqirises a measurement device, conxprising: 
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cootrollitig tiie measuiemient device, wherein the measurement device conqmses an iUumination system 
and a detection system, and wherein flie measuxement device is coiqiled to a stage, conq)nsing: 

controlling the iHaniination system to direct eneigy toward a siir&ce of the specimen; 

controUuxg the detection system to detect energy propagating fiom the sur&ce of the specimen; 

and 

generating one or more ou^ut signals responsive to the detected energy; and 
processing die one or more ou^ut signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a characteristic of an ixxq>lanted region of &e specimen, 
aiui iK^ierem the second property comprises a presence of defects on the specimen. 

340. A semiconductor device fabricated by a method, tiie mediod con^rising: 
forming a portion of the semiconductor device npon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
die measurement device conq>rises an iUumination system and a detection system; 
directing energy toward a surface of the specimen using the nhnTunatioii system; 
detecting energy propagating from die sui&ce of the specimen usmg the detection systen^ 
generating one or more output signals responsive to the detected energy; and 
processing the one or more ouQnit signals to determine a first property and a second property of the 
specimen^ wherein the first property conq^irises a characteristic of an implanted region of die ^dmen, 
and wherein the second property comprises a presence of defects on the specimen. 

341 . A method for fabricating a semiconductor device, comprising: 
fomiing a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device conqjrises an ilimnination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating from the surface of the specimen using die detection system; 
generating one or more output signals responsive to die detected energy; and 
processing die one or more output signals to determine a fiist property and a second property of the 
specimen, wherem die fint property comprises a characteristic of an implanted region of the specimen, 
and wherein die second property coinpxises a presence of defects on the specjn:ien. 

342. A system configured to determine at least two properties of a specimen during use, conqjiising: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, con^msing: 

an illumination system configured to direct energy toward a surface of the specimen during use; 
and 
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a detection system coiipled to the ilimnination system and configured to detect energy 
propagating from the surface of the specimen dming use, herein tiie measurement device is 
configured to generate one or more utput signals responsive to flxe detected eneigy during use; 
a local processor coi^led to &e measorement device and configured to at least partially process the one or 
S more ott^ut signals during use; and 

a remote controller conqmter coupled to Ae local processor, wherein Ike remote controller conqnxter is 
configured to receive fht at least partially processed one or more output signals and to detemiine a first 
property and a second property of the specimen from the at least partially processed one or more output 
signals during use, wherein the first property conprises a characteristic of an is^>lanted region of &e 
10 specimen, and wherein the second property conqsxises apresence of defects on the specimen. 

343. A method for detennining at least two properties of a specimen, comprising: 
disposing tfie specimen xtptm a stage, wherein tiie stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of fte specimen using the illumination system: 
detecting energy propagating firmi the sui^use of the specimen using the detection systen^ 
generating one or more output signals responsive to tiie detected energy; and 
processing the one or more output signals to defiemiinfi a first property and a second property of tiie 
specimen, wherein die first property con^)rises a characteristic of an in^lanted region of the specunen, 
and wherein fte second property con^rises a presence of defects on tilie spedmen, con^rising: 

at least partially processing die one or more ou^ut signals using a local processor, ^tiierein die 
local processor is coupled to the measurement device; 

sending the partially processed one or more ou^ signals fiom the local processor to a remote 
controller computer, and 

iurdier processing the partially processed one or more output signals using die remote controller 
computer. 

344. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

30 a measurement device coiqiled to the stage, conqnising: 

an iUumination system configured to direct energy toward a sur&ce of the specimen during use; 
and 

a detection system coupled to the Hlmnination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein the measurement device is 
35 configured to generate one or more ou^ut signals responsive to the detected energy during use; 

and 

a processor col^)led to the measurement device and configured to determine a first property and a second 
property of the specimen firom die one or more ou^ut signals during use, wherein the first property 
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f &e specimen, and wherein Hie second property compvscs a 



345. The system f claim 344, wherein tiie measurement device fiirfherconqnises a pho 

346. The system of claim 344, wherein Hbe measmCTient device further conqnises a spectroscopic eDi^sometBr. 

347. The system of claim 344, wherein the myeasurement device further conqnises an ellipsometex. 

348. The system of claim 344, wherein the measurement device fiirther comprises an X-ray reflectometBr. 

349. The system of claim 344, wherein the measurement device further comprises a grazing X-ray 
reflectometer. 

1 cn Ti ^ r .1— : — .1 * J— £^1.^ — _; ^ v Jirr i — 
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35 1 . The system of claim 344, wherein the measurement device further comprises a photo*acoustic device and 
an ell^someter. 

352. The system of claim 344, wherein the measurement device further comprises at least a first measurement 
device and a second measurement device, and wherein the first and second measurement devices are selected from 
the group consisting of a photo-acoustic device, a spectroscopic elli^someter, an ellipsometer, an X-ray 
reflectometer, a grazing X-zay reflectometer, an X-ray di£&actometer, and an eddy current device. 

353 . The system of claim 344, wherein tiie processor is further configured to determine a third property of the 
specimen from tiie one or more output signals during use, and wherein the third property is selected from the group 
consisting of a roughness of the specimen, a roughness of a layer on the spechnen, and a roughness of a feature of 
the specimen. 

354. The system of claim 353, wherein the system is coupled to a process tool selected fiom the groiq> 
consisting of a lidiography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool 

355. The system of claim 344, wherein the system is coq)Ied to a process tool, and wherein the process tool is 
selected firom the group consisting of an etch tool, an ion implanter, a chemical vapor deposition tool, a physical 
vapor deposition tool, an atomic layer deposition tool, a thermal tool, a cleaning tool, and a plating tool 

356. A method for detemiining at least two properties of a specimen, coii^)rising: 
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disposing tiie specimen upon a stage, herein &e stage is coiq}led to a measurement device, and wherein 
the measurement device con:q)rises an ilhmiinatian system and a detection system; 
directing enexgy toward a sui&ce of the specimen using ^ iUumination system; 
detecting energy propagating fiom die suiffice fflie specimen using the detection system; 
5 generating one or more ou^ut signals responsive to the detected energy; and 

processing the one or more ou^ut signals to determme a first property and a second property of the 
specimen, wherein the first ^opperty conqnises an adhesion charact^istic of the specimen, and wherem die 
second property conqirises a diickness of die specimen. 

10 357. A conqiuter^-in^lemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherein die system comprises a measurement device, con^rising: 

controlling the measurement device, wherein the measurement device comprises an illumination system 
and a detection system, and wherein die measurement device is coupled to a stage, comprising: 
controlling the illumination system to dhect energy toward a surface of the specimen; 
1 5 controlling the detection system to detect energy' prcpagMting £:om the suifuce of the spccimc;!; 

and 

generating one or more ou^ut signals responsive to die detected energy; and 
processing the one or more ou^t signals to determine a first property and a second property of die 
specimen, wherein die first property comprises an adhesion characteristic of the specimen, and wherein die 
20 second property conqirises a diickness of die spedmexL 

358. A semiconductor device fabricated by a method, die method conq)risiiig: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
25 the measiurement device con^}ri5es an illununation system and a detection system; 

directing energy toward a sur&ce of the specimen using the illumination system; 

detecting enugy propagating firan die sur&ce of die specimen using die detection systen^ 

generating one or more output signals responsive to die detected energy; and 

processing die one or more output signals to detemoine a first property and a second property of die 
30 portion of die semiconductor device, wherein the first property comprises an adhesion characteristic on die 

portion of die specimen, and wherein the second property compdscs a thickness of the portion of the 

specimen. 

359. A method for fabricating a semiconductor device, con^rising: 
35 forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 
the measurement device conqmses an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using the illumination system; 
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detecting ^crgy propagating from llie sui&ce of the specimen using the detection system; 
generating one or m le output signals responsive to the detected energy during use; and 
processing the one or more output signals to determine a first property and a second property of tiie 
portion f the semiconductor device, herein ttie C i stpx op er ty conqarises an adhesion characteristic of the 
portion of the specimen, and ^dierein the second property comprises a thickness of die portion of tiie 
specimen. 

3 60. A system configured to detemsine at least two properties of a specimen duristg use, con:^>rising: 
a stage configured to support die specimen during use; 

a measurement device coupled to die stage, conqnising: 

an illumination system configured to direct eneigy toward a sur&ce of die ^ecimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from the sur&ce of the spedmen dnring use, wherein die measurement device is 
configured to generate one or more outpnt signals responsive to the detected energy dcring use; 

a local processor coupled to die measurement device and configured to at least partially process the one or 

more ou^ut signals daring use; and 

a remote controller con^uter coupled to the local processor, wherein the remote controller con:pitcr is 
confiiguied to receive the at least partially processed one or more output signals and to detramine a first 
property and a second property of the spedmen fixim die at least partially processed one or more output 
signals during use, wherein the first property comprises an adhesion characteristic of the specimen, and 
wheiein the second property coniprises a thickness of the specimen. 

361 . A method for deternuning at least two properties of a specimen, con^rising: 

disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 

the measurement device comprises an illumination system and a detection sy sten^ 

directing energy toward a surface of the specimen usmg die illumination system; 

detecting energy propagatmg fixim the sur&ce of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processing the one or more ou^ut signals to detennine a first property and a second property of the 

specunen, wherein die first property conqirises an adhesion characteristic of the specimen, and wherein the 

second property comprises a thickness of the specimen, conq)rising: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to die measurement device; 

sending the partially processed one or more output signals firom die local processor to a remote 
controller conq>uter; and 

furdier processing the partially processed one or more ou^ut signals usii^ the remote controller 
conqmter. 
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362. A system configured to determine at least two properties of a specimen during use, con^msiag: 
a stage configured to support ^e specimen during use; 

a measurement device coiq)led to the stage, con^irising: 
5 an iUumination system configured to direct energy toward a sur&ce of flie specimen during use; 

and 

a detection system coiq>led to the illumination system and configured to detect energy 
propagating from fbs surj&ce of tlie spedxnen during use, wherein tbe measurement device is 
configured to generate one or rnoreou^ut signals responsive to the detected energy during use; . 
10 and 

a processor coupled to the measurement device and configured to determine at least a first property and a 
second property of the specimen fiom the one or more output signals during use, wherein the first property 
comprises a concentration of an element in the specimen, and wherein the second property con^)rises a 
thickness of the specimen. 

1 < 

363 . The system of claim 362, herein die measurement device fiirther comprises a photo-acoustic device. 

364. The system of claim 362, wherein the measurement device finiher conq)rises an X-ray reflectometer. 

20 365. The system of claim 362, herein the measurement device fiirdier contprises a grazing X-ray 
reflectometer. 

366. The system of claim 362, wherein the measurement device fiirther conq)nses an X-ray dif&actometer. 
25 367. The system of claim 362, wherein the measurement device finther conq)rises an eddy current device. 

368. The system of claim 362, wherein tibe measurement device finiher conqnises a spectroscopic ellqisometer. 

369. The system of claim 362, wherein the measurement device fiirdier conq)rises an ellipsometer. 

30 

370. Ihe system of clahn 362, wherein die measurement device fiirther conqnises a grazing X-ray 
reflectometer and an optical measurement device. 

371 . The system of claim 362, wherein the measurement device fiirther coroprises at least a first measurement 
35 device and a second measurement device, and wherein die first and second measurement devices are selected from 

the group consisting of a photo-acoustic device, an X-ray reflectometer, a grazing X-ray reflectometer, an X-ray 
dif&actometer, an eddy current device, a spectroscopic ell^someter, and an ellipsometer. 
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372. The system of claim 362, wherein the processor is fiirdier configured to detemiine a diird property oftbc 
spedmenfiom&e one ormoie output signals during nse, andmdieiein&Blliirdproperty is selected fiom the group 
consisting of a rougfbxiess of &e specimen, a roughness of a layer on the specimen, and a rougjhness of a feature of 
die specimen. 

5 

373. The system of claim 372, wherein the system is coupled to a process tool selected fiom the groiq) 
consisting of a lifhography tool, an atomic layer deposition tool, a cleaning tool, and an etch tool 

374. Thesystemof claim 362, ^9^rein the system is coupled to a process tool, and wherein the process tro . 
1 0 selected from the group consisting of an etch tool, an ion in:q)lanter, a chemical vapor deposition tool, a physical 

vapor deposition tool, an atomic layer deposition tool, a thermal tool, a cleaning tool, and a plating tool 

375. A method for determining at least two piopeities of a specimen, conq)rising: 

disposing die specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
1 5 the TWftaciiT WTnpTit device comprises an ilhmcnstion systsm a dstsctios systez^ 

directing energy toward a surface of die specimen using die iUumination system; 

detecting energy propagatmg &om die sur&ce of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processmg the one or more ou^ut signals to determine a first propoty and a second property of the 
20 spedmen, wherein die first property con^nises a concentration of an element m the specunen, and wherein 

die second property conqsrises a thickness of the spedmen. 

376. A con^uter-implemented mediod for controlling a system configured to determine at least two properties 
of a specimen during use, wherein the system conq)nses a measurement device, comprising: 

25 controlling the measurement device, wherein the measurement device coni^rises an illumination system 

and a detection system, and wherein the measurement device is coupled to a stage, con^rising: 
controlling die illumination system to dnect energy toward a suifiice of the specimen; 
controlling die detection system to detect energy propagatmg from die sur&ce of die specimen; 
and 

30 generating one or more output signals responsive to the detected energy; and 

processmg the one or more ou^ut signals to determine a first property and a second property of die 
specimen, wherein the first property conqmses a concentration of an element in the specimen, and wherein 
die second property con:q>rises a thickness of the specimen. 

" 35 377. A semiconductor device fabricated by a method, the method conq>rising: 
forming a portion of the semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 
the measurement device con:q)rises an illumination system and a detection system; 
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directmg energy toward a sux£^ of &e specimen using &e illmnination system; 
detecting energy propagating &om tiie sur&ce of the specimen using fhc detection system; 
generating ne r more output signals responsive to to detected energy; and 
processing the one or more u^mt signak to detenme a fast property and a second property of die 
S ^ecimen, wherein die first property con^rises a concentration of an element in die specimen, and Mdierein 

die second property coisprises athidmess of die specimen. 

378. A mediod for &bricating a semiconductor device, comprising: 
forming a portion of die semiconductor device xxpoa a spedmei^ 

10 disposing the spedmen upon a stage, wherein die stage is coupled to a measurement device, and wherein 

die measurement device comprises an illumination system and a detection system; 
directing energy toward a surface of the specimen using the illumination system; 
detecting energy propagating firom die surface of die specimen using the detection system; 
generating one or more output signals responsive to die detected energy; and 

1 ^ 4-1«vc» ^w»m m^^^^m. f»<n<**«it(* «t<Bif««ww««*4k « *%ww*«W^F nwA « »m^n*%A w t w warH/ o^rtl* 
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specimen, wherein the first property conqinses a concentration of an element in the specimen, and wherein 
die second property conqnises a duckness of die specimen. 

379. A system configured to detenmne at least two properties of a specimen during use, conqirising: 
20 a stage configured to support die specimen durmg use; 

a measurement device coiq>led to die stage, conqirising: 

an iUumination system configured to direct energy toward a surface of the specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
25 propagating fix}m die surface of the specimen during use, wherein die measurement device is 

configured to generate one or more output signals responsive to the detected energy during use; 
a local processor coupled to die measurement device and configured to at least partially process the one or 
more output signals during use; and 

a remote controller computer coiqiled to die local processor, wherein the remote controller conqniter is 
30 configured to receive die at least partially processed one or more output signals and to determme a first 

property and a second property of the specimen £com the at least partially processed one or more output 
signals dming use, wherein the first property comprises a concentration of an element m the specimen, and 
wherein die second property conqxrises a thickness of the specimen. 

35 380. A method for determining at least two properties of a specimen, comprising: 

disposing the specimen i^on a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device conq)rises an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using the illumination system; 
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detectiiigeneigy propagating from tiiesui&ce f the spedmen using ilie detection system; 
geneiatingone r more ou^ot signals responsive to &e detected energy; and 
processing &e one or more output signals to determine a first property and a second property of Ibe 
specimen, wher ein &e first p ropert y comprises a concentration of an elonent in the specimen, and wherein 
S the second property conqsrises sickness of the specim^ conqirising: 

at least partially processing tiie one or mote ou^mt signals using a local processor, iivfaerein ^ 

local processor is coi^led to &e measurement device; 

sending die partially processed one or more output signak 

controller computer, and 

10 fiirther processing the partially processed one or more output signals using the remote controller 

con^niter* 

381. A system configured to determine at least one characteristic of a layer on a specimen daring use, 
con^rising: 

15 a dqx>sition tool configured to form the layer of material on fmecimen duiing use; 

a measurement device coiq>led to tiie deposition tool, cosqxrising: 

an iUmnination system configured to direct light toward a sur&ce of the specimen use; 

a detection system coiq>led to die iUmnination system and configured to detect lig^t propagating 

fiom the sur&ce of the specimen durmg use» wherein the measurement device is configured to 

20 generate one or more output signals in response to the detected light during use; and 

wherein the iUmnination system and die detection system are further configured such that the 
measurement device comprises at least a spectroscopic reflectometer and a spectroscopic 
ellipsometer; and 

a processor coupled to die measurement device and configured to determine a characteristic of the layer 
25 from the one or more oxstpat signals during use. 

382. The system of claim 381, whoein optical elements of die spectroscopic refiectometer comprise opdcal 
elements of die spectroscopic eUipsometer. 

30 383. The system of claim 381, wherein the characteristic is selected fiom the group consisting of a duckness, an 
index of refi:actzon, an extinction coefBcient; a critical dimension, and a presence of defects. 

384. The system of claim 381, wherein the processor is further configured to determine one or more 
characteristics of the layer, and herein the one or more characteristics are selected firom the group consisting of a 

35 diickness, an index of refiaction, an extmction coefGcient, a critical dimension, and a presence of defects. 

385. The system of claim 381, wherein the processor is further configured to determine an additional 
characteristic of die specimen from the one or more output signals during use, and wherein the additional 
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characteristic is selected from die groij^ consistiag of a rougbness of the specimen, a roughness of the layer on &6 
specimen, and a roughness f a feature of &e specimen. 



386. The system of claim 385, ^errin the dqxuition tool conqirises an atomic layer deposition tool 

5 

387. The system of claim 381, wherein the measurement device furflier conipiises an ed^ current device. 

388. The system of claim 381, wherein the measurement device furfiier comprises an eddy current device, and 
wherein the deposition tool conqxrises an atomic layer deposition tool 

10 

389. A mediod for determining at least one characteristic of a layer on a specimen, conq>rising: 
forming the layer of material upon the specimen wi& a deposition tool; 

directing light toward a sur&ce of the specimen using an illumination system; 
detecting light propagating from the surface of the specimen using a detection system, wherein the 
1 S illumination svstem the detection system are arranged in a tneasnrement device coniprising at lesst s 

spectroscopic reflectometBr and a spectroscopic ellquometer, and v/bsK&n the measurement device is 
coupled to the deposition tool; 

generating one or more ou^ut signals responsive to the detected Hg^ and 
processing tihe one or more ou^ut signals to determine a characteristic of the layer. 

20 

390. A conq)uter-iinpleniented me&od for controlling a system configured to determine at least one 
characteristic of a layer on a specimen during use, wherein the system comprises a measurement device coupled to 
a deposition tool, and wherein die deposition tool is configured to form the layer of material on the specimen 
during use, the method con:q)rising: 

25 controlling the measurement device, wherein die measurement device con^rises an illumination system 

and a detection system, and wherein the iUumination system and die detection system are configured such 
diat die measurement device comprises a spectroscopic reflectometer and a spectroscopic eOipsometBr, 
coiiq)ristng: 

controlling the iDnmination system to direct light toward a sur&ce of the specimen; 
30 controlling die detection system to detect light propagating from die sur&ce of die specimen; and 

generating one or more output signals responsive to the detected light; and 
processing the one or more ou4)ut signals to determine a characteristic of the layer. 

A semiconductor device fabricated by a mediod, the method comprising: 

disposing the specimen in a deposition tool confrgured to form a layer of material on a specimen, wherein 
die deposition tool is coiq^led to a measurement device, and wherein the measurement device con^rises an 
illumination system and a detection system; 
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f oimiBg a layer f material vcpon a specimen, wherein the formed layer comprises a portion, of the 
semiconductor device; 

directing light toward a sur&ce of the specimen using the lllmmnation system; 
detecting Ughtprops^atingfKmitiwsai&ce of the sfpecm n system, wbeieinihe 

S illumination system and the detection system conqnise at least a spectroscopic reflectometer and a 

spectroscopic el]^)sometBr; 

genemttng one or more 00^ signals responsive to fte detected light; ^ 
piocessii^ the one or more output signals to detensine a characteiistic of &e layer. 



1 0 392. A method for fabricating a semiconductor device, conq)rising: 

disposing the specimen in a deposition tool configured to fonn a layer of material on a specimen, wherein 
the deposition tool is coupled to a measurement device, and wherein the measurement device conqirises an 
illumination system and a detection system; 

forming a layer of material upon a specimen, wherein the formed layer cor[q)rises a portion of the 
1 5 semiconductor device; 

directing light toward a sur&ce of the specimen using the illumination system; 

detecting light propagating fiom tiie surj&ce of the spedmen using the detection system, wherein the 

illumination system and tiie detection system conqurise at least a spectroscopic reflectometer and a 

spectroscopic ellipsometen 
20 generating one or more ou^ut signals responsive to the detected ligh^ and 

processing the one or more output signals to determine a chanicteiistic of tiie layer. 



393. A system configured to determine at least one characteristic of a layer on a spedmen during use, 
conqirising: 

25 a deposition tool configured to form the layer of material on the specmien during use; 

a measurement device coiq>led to the deposition tool, coir])rising: 

an illumination system configured to direct Hght toward a sur&ce of die specimen during use; 
a detection system coqpled to the illumination system and configured to detect light propagating 
from die surface of die specimen during use, whereindiemeasurement device is configured to 

30 generate one or more output signals in response to the detected energy; and 

wherein the illumination system and die detection system are further configured such that the 
measurement device comprises at least a spectroscopic reflectometer and a spectroscopic 
ellipsometer; 

a local processor coupled to the measurement device and configured to at least partially process the one or 
35 more output signals during use; and 

a remote controller computer coupled to the local processor, wherein die remote controller conqjuter is 
configured to receive the at least partially processed one or more ou^ut signals and to determine a 
characteristic of the layer from die one or more ou^ut signals during use. 
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394. A method for detenmning at least one characteristic f a layer on a specimen, comprising: 
fomiing die layCT fmateiial upon the specimen; 

directing light toward a sui&ce of the specimen using the iUooiination system; 
detecting ligiht propagating fiom flie sur&ce of die specimen using die detection system, wherein die 
S illumination system and the detection system comprise at least a spectroscopic reflectomBter and a 

spectroscopic ellqxsometen 

generating one or more ou^t signals responsive to the detected light; and 

processing llie one or more on^iit signals to determine a characteristic of die layer, con^rising: 

at least partially processing die one or more ou^nit signals using a local processor, wherein the . 
10 local processor is coiq>led to die measurement device; 

sending die partially processed one or more output signals fi:om the local processor to a remote 
controller coroputer; and 

furdier processing the partially processed one or more output signals using the remote controller 
coiDpotsr, 

15 

395. A system configured to determine at least one property of a specimen during use, conqnising: 
an etch tool configured to etch die specimen during use; 

a beam profile ell^someter coi^led to the etdi tool, con^rising: 

an illumination system configured to direct an incident beam of ligjht having a known polarization 
20 state to die specimen during use; and 

a detection system coupled to the illumination system and configured to detect light returned fiom 
die specimen during use, wherein the beam profile ellipsometer is configured to generate one or 
more output signals responsive to die detected light during use; and 
a processor coupled to the beam profile ell^someter and configured to determine a property of the 
25 specimen fiom the one or more output signals during use. 

396. Tbe system of claim 395, finlher conqnising an additional measurement device coiipled to die etch tool, 
wherein the processor is fiurdier coupled to die additional measurement device, and wherein the processor is furdicr 
configured to determine an additional property of die specimen fiom one or more output signals generated by the 

30 additional measurement device. 

397. Ihe system of claim 395, wherein die processor is further configured to detemime an additional property 
of die specimen fiom die one or more output signals during use, and wherein the additional property is selected 
fiom the group consisting of a roughness of die specimen, a roughness of a layer on the specimen, and a roughness 

35 of a feature of die specimen. 
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398. Tbe system of claim 395, fuither coxiq)risiiig an eddy coireiit device coiigpled to tiie etch tool, ^erem the 
processor is fuxHier coi^led to die eddy cuzieot device, and wherein &e processor is fiirdier configured to 
detemoine a thickness of the specimen torn one or more output signals generated by the eddy cutent device. 

S 399. The system of claim 39S» ^vherein property is selected from the ffo\sp consisting of a ^ckness, an 
mdex of refraction, and an esctincticm coefiBdent. 

400. A method for detemuning at least one property of a specmien, coiqnismg: 
etching the specimen in an etch tool; 

1 0 directing an mcident beam of ligjht havmg a known polarization state to the specimen using an illumination 

system; 

detecting light returned from the surface of the specimen using a detection system, wherein die 
illumination system and the detection system con[q)rise a beam profile ellipsometer, and wherein the beam 
profile ellipsometer is coupled to the etch tool; 
IS generating one or more output signals representative of die detected light: and 

processing die one or more ou^ut signals to determine a property of the specimen. 

401 . A cozrqyuter-implemenled method for controlling a system configured to determine at least one property of 
a specmien during use, wherein the system comprises a beam profile ellipsometer coiq)led to an etch tool, and 

20 wherein the etch tool is configured to etch the specimen during use, the method con^xrising: 

controlling the beam profile ellipsometer, wherein the beam profile eIlq)someter conqmses an illumination 
system and a detection system, conqnising: 

controlling die illumination system to direct light toward a surface of the specimen; 
controlling the detection system to detect light propagating from the sur&ce of die specnnen; and 
25 generating one or more ou^ut signals representative of detected light, and 

processing the one or more ou^ut signals to determine a property of the specimen. 

402. A semiconductor device &bricated by a method, the tnediod conqirising: 
etching a specimen using an etch tool; 

30 directing an incident beam of ligfht having a known polarization state to the specimen using an illumination 

system; 

detecting light returned fixmi the surface of die specimen using a detection system, wherein die 
illumination system and the detection system conqirise a beam profile ell^someter, and wherein Ate beam 
profile ellipsometer is coupled to die etch tool; 
35 generating one or more output signals representative of the detected light; and 

processing the one or more output signals to determine a property of the specimen. 

403. A method for &bricating a semiconductor device, con^)rising: 
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etching a specimen using an etch tool; 

directing an incident beam of light having a known polarization state to ^ specimen using an iHumination 
system; 

detecting light letnmed fiom the sui&ce of tiie specimen usmg a detection system, \i^erein tbe 
S iUmnination system and ^ detection system conqnise a beam profile ell^psometer, and Tidierein flie beam 

profile el]Q)Someter is coiq^led to fte etch tool; 

generating one or more oiUput signals repieseolatiYe of flie detected ligte snd 
processing die one or more ou^ut signals to determine a property of the specimen. 

1 0 404. A system configured to detemiine at least one property of a specimen duriog use, com pr i si ng: 
an etch tool configured to etch the specimen during iise; 
a beam profile ellipsometer coupled to die etch tool, consprising: 

an illumination system configured to direct an incident beam of light having a known polarization 
state to the specimen during use; and 
IS a detection system coiq)led to the iUumination system and configured to detect Hgjbt retisnsd from 

die specimen during use, wherein the beam profile ellq)someter is con^;uiedto generate one or 
more ou^t signals responsive to the detected light during use; 
a local processor coupled to the beam profile ellipsometer and configured to at least partially process the 
one or more output signals during use; and 
20 a remote controller conqmter coupled to the local processor, wherein the remote controller coniputer is 

configured to receive &e at least partially processed one or more output signals and to further process the 
one or more ou^ut signals to determine a property of the specimen during use. 

405. A method for determining at least one property of a specimen, conq)rising: 
25 etching the specimen using an etch tool; 

directing an incident beam of lig^ht having a known polarization state to tiie specimen using an illumination 
system; 

detecting light ietuinedfi:om die sur&ce of the specimen using a detection system, wherein the 
illumination system and the detection system con^rise a beam profile ell^ometer, and wherein ibs beam 
30 profile ellipsometer is coupled to the etch tool; 

generating one or more ou^ut signals responsive to the detected ligh^ and 

processing die one or more output signals to determine a property of the specimen, comprising: 

at least partially processing fiie one or more output signals using a local processor, wherein the 
local processor is coupled to die beam profile ellipsometer; 
3 S sending the partially processed one or more output signals fi»m die local processor to a remote 

controller conmuter; and 

furdier processing the partially processed one or more output signals using the remote controller 
computer. 
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406. AsystemcoxifiguredtoacharactBEistic faspeciznendnringuse^c^ix^iisiiig: 
an iim ixi^laQter configuzed to direct ions toward 

a measuiement device coiq>led to the km isoplanter, wheieixi fte measmement device is configuxed: 
5 to periodicaUy dixect an incident beam of light to a region of &e specimen to pedodically excite 

the xegion of die specimen during use; 

to direct a sample beam of light to the periodically excited region of die specimen during use; 
to measure an intensity of die sansplt beam reflected fiom die periodically excited ztgicm of the 
specimen during use; and 

10 to generate one or more on^ut signals responsive to die measured intensity of the reflected 

san^le beam; and 

a processor coupled to the measurement device and configured to determine a characteristic of die region 
of the specimen from the one or more output signals during use. 

IS 407. The system of claim 406, fbrdierconqmsing an additioxialixieasurementd 

in^lanter, wherein die processor is furdier configured to determine an additional property of the ^ecimen fiom one 
or more ou^t signals generated by die additional measurement device. 

408. Hie system of claim 406, ^dieremthe characteristic is selected fiom die group consisting of apresence of 
20 ions in die region, a concentration of ions in the region, a depdi of die region, and a distribution profile of the 

region. 

409. A mediod for detennining a characteristic of a specimen, conqmsing: 
implanting ions into the specimen using an ion in^lanter, 

25 periodically directing an incid^ beam of light to a region of the specimen to periodically excite the 

region of die specimen using an illumination system of a measurement device, wherein die measurement 
device is coupled to die ion implanter, 

directing a sample beam of light to die periodically excited region of die specimen using the iUummation 
system; 

30 measuring an intensity of die san^le beam reflected fiom the periodically excited region of die specimen 

using a detection system of die measurement device; 

generating one or more output signals responsive to the measured intensity of the reflected sample beam; 
and 

processing the one or more ou^ut signals to determine a characteristic of the region of die specimen. 



35 



410. A computer-implemented mediod for controlling a system configured to detemiine a characteristic of a 
specimen during use, wherein die system con^rises a measurement device coi^led to an ion iisplanter, and 
wherein the ion in^lanter is configured to direct ions toward die specimen during use, the method c uprising: 
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conttoUing the nis&suieinQit device, wheiein the nkeaauiement device con^srises an ilhxmiDation system 
and a detection system, con^rising: 

conttoUing die iOomination system to periodically dtEect an iocident beamof light to aiegionof 
the specimen to periodically excite the tegion fdiespedmem 
S controlling fbi& illumination system to diiect a san^le beam of light to the periodicany excited 

region of the specimen; 

contiolling flie detection system to measure an intensity of die sample beam reflected from the 
periodically excited region of die specimen; and 

generating one or more ou^ut signals responsive to die measured intensity; and 
1 0 processing the one or more output signals to determine a characteristic of the region of Ihe specimen. 

411. A semiconductor device &bricated by a method, die method con^rising: 

in^lanting ions into a specimen using an ion implanter, wherein the specimen comprises at least a portion 
of the semiconductor device; 

1 S periodically directing an incident beam of hght to a region of the spechnen to periodical^ excite the 

region of die specimen using an illumination system of a measurement device, wherein the measurement 
device is coi^led to the ionhoqilanter; 

dhecting a san^le beam of light to die periodically excited region of Ihe spechnen usmg the illumination 

system; 

20 measuring an intensity of die san^le beam reflected from die periodically excited region of die specimen 

using a detection system of the measurement device; 

gmerating one or more output signals responsive to die measured intensity of the reflected saniple beam; 
and 

processing the one or more ou^ut signals to detemune a characteristic of the region of the ^ecimen. 

25 

412. A method for febricating a semiconductor device, comprising: 

implantmg ions mto a specimen using an ion inqilanter, wherein the specimen comprises at least a portion 
of the semiconductor device; 

periodically directing an incident beam of light to a region of die spedmoi to periodically excite die 
30 region of the specimen usmg an illumination system of a measurement device, wherein the measurement 

device is coupled to die ion implanter; 

directing a sanq>Ie beam of light to the periodically excited region of the specimen using the illumination 

system; 

measuring an intensity of the sample beam reflected from die periodically excited region of die specimen 
35 using a detection system of die measurement device; 

generating one or more ou^t signals responsive to the measured mtensity of the reflected saoq^le beam; 
and 

processmg die one or more ou^ut signals to detemine a characteristic of the region of die spechnen. 
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413. A system configured to detennine a chaiacteiistic of a speciznea during use, coiupiising: 
an ion inqilanter configured to direct ions toward fiie spedmen during use; 

a nieasuiement device coiq)led to fiie ion iniplantcr, wheiein liie nseasurement device is configured: 

to periodically direct an inddent beam of light to a r^on of the specimen to periodically excite 
S llie region ofti&e specimen docing use; 

to direct a sample beam of light to the periodically esccited regioa of die spedmim during use; 
to measure an intensity of the sample beam reflected fiom&e periodically excited region of the 
specimen during use; and 

to generate one or more ou^mt signals responsive to the measured intensity of the reflected 
10 sample beam during use; 

a local processor coupled to the measurement device and configured to at least partially process die one or 
more ou^ut signals during use; and 

a remote controller computer coupled to die local processor, wherein die remote controller conq)uter is 
configured to receive die at least partially processed one or more output signals and to fiirther process the 
15 at least partially processed one or more ou^ut signals to detennine a characteristic' of the region of the 

specimen. 

414. A mediod for detenmmng a characteristic of a spechnen, comprising: 
implanting ions mto a specimen using an ion hxq}lantei; 

20 periodically directmg an incident beam of light to a region of the specimen to periodically excite the 

region of the specimen using an illumination system of a measurement device, wherein die measurement 
device is coiq)led to the ion implantei; 

directing a sample beam of ligjit to die periodically excited region of the specunen using the illumination 

system; 

25 measuring an intensity of the sanxple beam reflected fi'om die periodically excited region of the specimen 

using a detection system of the measurement device; 

generating one or more ou^ut signals responsive to the measured intensity of die reflected sample beam; 
and 

processmg die one or more ou^mt signals to determme a characteristic of the region of die specimen^ 
30 con^irismg: 

at least partially processmg die one or more output signals using a local processor, wherem the 
local processor is coupled to die measurement device; 

sending the partially processed one or more ou^ signals fiom the local processor to a remote 
controller conq)uter; and 

35 fiirdier processing the pardally processed one or more output signals using the remote controller 

computer. 



A system configured to determine at least one characteristic of micro defects on a sur£ice of a specunen 
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duiing use, comprising: 

a process tool configured to process the specimen during use; 

a stage configured to support the specimen during use, herein die stage is further configored to rotate 
during use; 

5 a measurement device coupled to Reprocess tool, herein die xncasuxementde^ 

the stage, comprising; 

an illumination system configured to direct light toward die surface of ftie specimen dnriQg die 
process and during rotation of die st^e; and 

a detection system coupled to die illumination system and configured to detect light propagating . 
10 fifom die sur&ce of die specimen dunag die process and during rotation of die stage, wherein die 

measurement device is configured to generate one or more output signals in response to the 

detected light during use; and 
a processor coupled to the measurement device and configured to detennine at least the one characteristic 
of micro defects on die sur&ce of the specimen from the one or more output signals during use. 

15 

416. The system of claim 415, further conQmsrog an additional measurement device coupled to the process 
tool, wherein the processor is furdier configured to detemune an additional property of the specimen &om, one or 
more output signals generated by the additional measurement device. 

20 417. The system of claim 415, wherem die detected light comprises daric field light propagating along a daric 
field path firom the surfiice of die specimen. 

418. The system of claim 415, wherein die detected Ught comprises bright field light propagatmg along a bright 
field path fiom the surface of the specimen. 

25 

41 9. The system of claim 415, wherem the detected light conq)rises dark field li^t propagating along a dark 
field path firom die sur&ce of die specimen and bright field light propagating along a bright field path fiom die 
surface of the specimen. 

30 420. The system of claim 415, wherem die detected light comprises dark field light propagating along muh^le 
dark field padis from die surface of die specimen. 

421 . The system of clann 415, wherein die detected light comprises dark field light propagating along multiple 
dark field paths from the surface of the specimen and bright field light propagating along a bright field path fiom 

35 the surface of the specimen. 

I 

422. The system of claim 415, wherein die spedmen co^^>rises a plurality of dies having repeatable pattern 
features, and wherem die processor is furdier configured to compm output signals responsive to detected light 



208 



wo 02/25708 
firom at least two of tiie plurality 
of specimezi. 



f dies to detemsine at least the one characteristic 
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f micro defects on &e surface 



423. The system of claim 415, herein at least Oe one characteristic of nncro defects is selected from the groi:^ 
consisting of apresenoe, a location, anumber, and a type of micro defects on the sur&ce of fte specimen. 

424. The system of claim 415, wherein the processor is iurdier conQgnred to determine an additional 
characteristic of the specinunfom the oxie or inoro output signals dini^ and wherein tiie additional 
diaracteristic is selected firom &e group consisting of a roughness of tiie specimen, a roughness of a layer on the , 
specimen, and a roughness of a feature of the specimea 

425. The system of claim 415, wherein the process tool is selected from tiie group consisting of a lithography 
tool, an etch tool, a deposition tool, an ion implanter, a chemical-mechanical polishing tool, a &ennal tool, a 
cleaning tool, and a plating tool 

426. A metibod for determining at least one charactmstic of micro defects on a specimen, conqxrising: 
processing the specimen in a process tool; 

supporting the specimen on a stage; 

rotating tbe stage while the specimen is supported on die stage; 

directing light toward a sur&ce of the specunen using an iUumination system during the process and 
during rotation of the stage; 

detecting light propagating from &e surface of the specimen using a detection system during the process 
and during rotation of ih& stage, wherein illumination system and the detection system con^mses a 
measurement device, and wherein die measurement device is coupled to the process tool; 
generating one or more output signals responsive to tiie detected li^ and 

processing the one or inoie output s^nals to determine at least the one chaxacteristic of nincto defects on 
ibc specimen. 

427. A computer-implemented inethod for contn>]ling a system configured to determme 
characteristic of micro defects on a specimen during use, wherein the system comprises a measurement device 
coupled a stage, wherein the measurement device is further coupled to a process tool, and whereia the process tool 
is configured to process the specimen during use, the me&od coii]|)iising: 

controlling the stage to rotate while the specimen is supported on the stage; 

controlling the measurement device, wherein the measurement device comprises an iUumination system 
and a detection system, con[q)rising: 

controlling ibs illumination system to direct light toward a sur&ce of the specimen during the 

process and during rotation of the stage; 



209 



wo 02/25708 PCT/USOl/42251 
controlHiig tlie dctectioa system to detect light propagatizig firom&e soiface of the spedmeii 
dazing the process and during rotation of the stage; and 
generating one or more output signals responsive to flie detected lig^^ and 

processmglbeone rmore u^mt signals to detennine at least one characteristic of micr defectson^ 

specimen. 



428. A semiconductor device fidmcated by a method, the mediod conq>rising: 

processhig a specimen in a process tool to peifomi at least a step of a semiconductor fihiication process on 
file specimen^ 

supporting the specimen on a stage; 

rotating the stage while the specimen is supported on the stage; 

directing light toward a sur&ce of the specimen using an illumination system during the process and 
during rotation of the stage; 

detecting light propagating from tiie surface of the specimen using a detection system during the process 
and during rotation of the stage, wherein illumination system and fiie detection system OQC^«ri$es « 
measurement device, and wherein file measurement device is coi^led to fiie process tool; 
genoafing one or more ou^ut signals responsive to Ifae detected ligjht; and 

processiz^ the one or more output signals to determine at least fiie one characteristic of micro defects on 
file specimen. 

429. A method for fabricating a semiconductor device, comprising: 

disposing the specimen upon a stage, wherein the stage is disposed within a process chamber, wherein a 
measurement device is coupled to the process chamber, and wherein the measurement device comprises an 
illumination system and a detection system; 

processing the specimen to fabricate a portion of fiie semiconductor device upon a spechnen using a 
process chamber; 

rotating fiie stage during processing of fiie specimen; 

directmg light toward a surface of the specimen using file illumination system during fabrication and 
rotation of the stage; 

detecting light propagating from the sui&ce of fiie specimen using the detection system daring fabrication 
and rotation of the stage; and 

processing the detected light to determine a characteristic of micro defects on fiie suzfrtce of file specimen. 

430. A system configured to determine a characteristic of micro defects on a specimen during use, conqnisin^ 
a process tool configured to process the specimen during use; 

a stage configured to support the specimen during use, wherein die stage is further configured to rotate 
during use; 

a measurement device coiqiled to the process tool, wherein the measurement device is further coi^led to 
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the stage, comprising: 

an iUamination system configoied to dixect light toward Hie suz&ce of the specimirai dnring die 

process and duzing rotation of die stage; and 

a detection system coupled to die ilhinnnation sy^^ 
S fiom die surfice of tbe specimen during die pixicess and dnr^ 

measurement device is configured to generate one or more output signals in response to die 

detected light during use; and 
a local processor coiq;)led to the measurement device and configured to at least partially process die one or 
more ou^mt signals during use; and 
10 a remote controller con:q)uter coupled to die local processor, wherein the remote controller cosqiuter is 

configured to receive the at least partially processed one or more output signals and to detemiiae at least 
die one characteristic of micto defects on the specimen fiom the at least partially processed one or more 
output signals. 



15 43L A mediod for detemuning a characteristic ofmicro defects on a spedmen^con^^ 
processmg die spedmen in a process tool; 
supporting the specimen on a stage; 
rotating die stage while die specimen is supported on the stage; 

directing tight toward a surface of die specimen using an illumination systm during the process and 

20 during rotation of the stage; 

detecting Hght propagating firom the surface of die specimen using a detection system during die process 
and during rotation of the stage, wherein iUumination system and the detection system comprises a 
measurement device, and wherein die measurement device is coiipled to the process tool; 
generating one or more ou^ut signals responsive to the detected ligh^ and 

25 processmg the one or more output signals to determine at least the one characteristic of micro defects on 

die specimen, comprising: 

at least partially processing the one or more ou^ut signals using a local processor, wherein die 
local processor is coupled to die measurement device; 

sending die partially processed one or more output s^nals fiom the local processor to a remote 
30 controller conqputer; and 

iurdier processing the partial^ processed one or more ou^iut signals using the remote controller 
computer. 



432. A system configured to determine at least one characteristic of defects on at least two sides of a specimen 
35 during use, conq)rising: 

a stage configured to support the specimen during use, wherein the stage is further configured to move 
during use; 

a measurement device coupled to the stage, conqmsii^: 
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an illumination system configured to direct eneigy toward a front side and aback side of 
specimen during movement fflie stage; and 

a detection system coiq)led to ±s illumination system and configured to detect eneigy 
propagating along multqilepattisfromthe front side of the spednien vementofttie 
5 stage and to detect energy propagating from the back side of Hie ^>ec]men during msmmaaX of 

Hie st^e» wherein Hie measurement device is configured to generate one or more output signals 
responsive to Hie detected eneigy propagating along multiple paHis from the front side of Hie 
specimoi and the detected energy propagating from Hie back side of the specimen; and 

a processor cot^led to the measurement device and configured to detexmine a first charactmstic of defects 
10 on the front side of the specimen from the one or more ou^mt signals during use and a second 

characteristic of macro defects on Hie back side of the specimen from Hie one or more output signals 

during use. 

433. The system of claim 432, further conq>rising an additional measurement device coupled to the stage, 

1 5 wherein the processor is fiirHier configured to determine an additional property cf Hie specimen from one cr marc 
output signals generated by the additional measurement device. 

434. The system of claim 432, wherein the detected eneigy propagating along mnltiple paths from the front side 
comprises dark field light propagating along multiple da± field paths. 

20 

435. The system of claim 432, wherein Hie detected energy propagating along multiple paths from Hie front 
sides con^rises dark field light propagating along mnltq)le dadc field paths and brig^ field light propagating ahmg 
a bright field paHi. 

25 436. The system of claim 432, wherein Hie detected energy propagating from the back side of the specimen 
conoprises dark field light propagating along a dark field path. 

437. The system of claim 432, wherein Hie detected energy propagating from the back side of Hie specimen 
comprises bright field light propagating along a bright field paHi. 

30 

438. The system of claim 432, wherein Hie detected eneigy propagating from the back side of Hie specimen 
comprises dark field light propagating along a daik field paHi and bright field light prop^ating along a bright field 
path. 

3S 439. The system of claim 432, wherein the measurement device further con^rises non-optical conQ>onents, and 
wherein the detected eneigy propagating along multiple paths from the front side of the specimen is responsive to a 
non-optical characteristic of Hie specimen. 
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440. Hie system of claim 432, wherein &e measurement device fur&er con^pnses non-optical coo^onents, and 
wherein Hie detected energy propagating fiom the back side of the specimen is responsive to a non-optical 
cbaxactenstic of fte specimen. 

5 441. ThesyGtemofclasm432,whereinttfispecimcacQi^^ 

features, and wherein tiie processor is finflier configured to coxsspm ou^t signals responsive to detected energy 
fiom at least two of tiie piuiaUty of dies to determiae &e first diatacteristi^ 

442. The system of claim 432« wherein fiie first characteristic is selected from the groi^ consisting of a 
1 0 presence, a location, a number, and a type of defects on &e front side of the specimen. 

443 . The system of claim 432, \dierein the second characteristic is selected from the group consisting of a 
presence, a location, a number, and a type of defects on &e back side of tiie specimen. 

15 444. The system of claim 432, wherein the defects on the front side of the specimen coimmse macro defects or 
micro defects. 

445. The system of claim 432, wherein the defects on 1b& fixmt side of the spedmen conqirise macro defects 
and micro defects. 

20 

446. The system of claim 432, wherein the processor is further configured to determine a third characteristic of 
&e specimen from the one or more output signals during use, and wherein the ±ird characteristic is selected from 
&e group consisting of a roug^ess of the specimen, a roughness of a layer on the specimen, and a roughness of a 
feature of the specimen. 

25 

447 . The system of claim 446, wherein tiae system is coupled to a process tool selected from the gnn^ 
consisting of a lithography tool, an atomic layer deposition tool, a cleaxdng tool, and an etch tool 

448. The system of claim 432, wherem the system is coupled to a process tool, and wherem die process tool is 
30 selected from the group consistmg of a lithography tool, an etch tool, an ion implanter, a cheDoical-mechanical 

polishing tool, a deposition tool, a tbemml tool, a cleaning tool, and a plating tool 

449. The system of claim 432, wherem the system is coupled to a laser cleaning tool. 

35 450. The system of claim 432, wherein frie system is coupled to a shock wave particle removal apparatus. 

451. Amediod for determining at least one characteristic of defects on' at least two sides of a specimen, 
con^rising: 
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disposing Ihe specimen xtpan a stage, wherein the stage is cotq>Ied to a measurement device, and wherein 
tiie measurement device con^rises an ilhrnunation system and ad tecticm system; 
moving tbe stage; 

directing energy toward a fiost side and a back side of the specimen using tiie iQamination system dazing 
S movement of ^ stage; 

detecting energy propagating along mnlt^le pafiis from the fiont side of flie specimen using the detection 
system during movement of the stage; 

detecting mergy propagating fiom flie back side of &e specimen using &e detection system during 
movement of the stage; 

1 0 generating one or more output signals responsive to the detected energy propagating along multqile padis 

from the front side of the specimen and the detected energy propagating fiom the back side of the 
specimen; and 

processing the one or more output signals to determine a first characteristic of defects on a front side of the 
specimen and a second characteristic of macro defects on a back side of the specimen. 

15 

452. A coirtputer-inqilemented method for controlling a system configured to determine at least one 
chamcteristic of defects on at least two sides of the specimen during use, wherein flie system conqirises a 
measurement device, con^insmgr 

controlling ^e measurement device, wherein the measurement device conqnises an illumination system 
20 and a detection system, wherein die measurement device is coiq>led to a stage, and wherein the stage is 

configured to move during use, comprising: 

controlling the illumination system to direct energy toward a front side and a back side of the 

specimen during movement of the stage; 

controlling the detection system to detect energy propagating along multiple paths from the fifont 
25 side of the specimen during movement of &e stage and to detect energy propagating from the 

back side of the specim^ during movement of die stage; and 

generating one or more ou^t signals responsive to the detected energy propagating along 
multiple path from the front side of die specimen and die detected energy propagating &om die 
back side of the specimen; and 
3 0 processing the one or more output signals to determme a first characteristic of defects on a front side of die 

specimen and to determine a second characteristic of macro defects on a back side of the specimen. 

453 . A semiconductor device fabricated by a method, die mediod coiiQ)risi]^: 
forming a portion of the semiconductor device upon a specimen; 

3 5 disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

die measuremmrt device conqirises an iHuminatum system and a detection system; 
moving the stage; 
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directing energy toward a front side and a back side f &e specimen using the iUusninatian system during 
movement of tlie stage; 

detectiDg energy propagating along inultiple paths from tbefto^ fthespedmenusing the detection 
system during movement of the stage; 
S detecting energy propagating from the bade side of the spedmen using the detection system dunng 

movement of the stage; 

generating one or more ou^ut signals responsive to tlie detected energy propagating along multiple path 
from the front side of tte specimen and the detected ^ergy propagating from the back side of the 
specimen; and 

1 0 processing the one or more output signals to determine a first characteristic of defects on die front side of 

die specimen a second characteristic of macro defects on the back side of the specimen. 

454. A method for fabricating a semiconductor device, comprising: 
forming a portion of the semiconductor device \^n a specimen; 
1 5 disposing die specimen upon a stage, wherein the stage is coupled to a Tneasiirernent device, and whcrera 

the measurement device co!iiq)rises an illumination system and a detection system; 
movii}g die stage; 

directing energy toward a front side and a back side of die spedmen using the illumination system during 
movement of the stage; 

20 detecting energy propagating along multq)le paths from die front side of die spedmen using the detection 

system during movement of the stage; 

detecting energy propagating from the back side of the spedmen using the detection system during 
movement of the stage; 

generating one or more ou^ut signals responsive to die detected energy propagating along multq>le path 
2S from the front side of the specimen and die detected energy propagating from the back side of die 

specimen; and 

processing the one or more ou^ut signals to determine a fust characteristic of defects on the front side of 
the specimen a second characteristic of macro defects on die back side of the specimen. 

30 455. A system configured to determine at least one diaracteristic of defects on at least two sides of a specimen 
during use, con^rising: 

a stage configured to support the spedmen during use, wherein die stage is further configured to move 
during use; 

a measurement device coupled to tiie stage, comprising: 
35 an illumination system configured to direct energy toward a front side and a back side of the 

specimen during movement of die stage; and 

a detection system coupled to the iUumination system and configured to detect energy 
propagating along multiple padis from die front side of the spedmen during movement of die 



215 



wo 02/25708 PCT/USO 1/42251 

stage and to detect energy ptopagating from flie back side of the specimen dming movement of 
Hie stage» wherein the measurement device is configured to generate one or more output signals 
re^onsive to the detected energy propagating along muh^le paths fix)m die front side of the 
specunen and file detected energy propagatmg from flie back side f the specimen; 

a local processor coupled to the measurement device and con^;ured to at least partially process die one or 

more output signals during use; and 

a remote controller conqmter coiq>led to the local processor, herein fiie remote controller conopiter is 
configured to receive die at least partially processed <me or more output signals and to determine a first 
chamcteristic of defects on die front side of die specimen from the one or more output signals during use . 
and a second diaracteristic of macro defects on die back side of die specimen from die one or more output 
signals during use. 

456, A method for determining at least one characteristic of defects on at least two sides of a specunen, 
coroprising: 

disposing the speciTnen ijpon a s^gfj wherein the stage is coupled to a nrcssursmsnt ds^.'ice, ssd nhcrcis. 
the measurement device comprises an illumination system and a detection system; 
movmg the stage; 

directing energy toward a fixmt side and a back side of the specimen using tiie illumination system during 
movement of die stage; 

detecting energy propagating along mult^lepadis from the fixmt side of the specimen using die detection 
system during movement of the stage; 

detecting energy propagating from die back side of die specimen using die detection system during 
movement of the stage; 

generating one or more output signals responsive to die detected energy propagating along multiple paths 
from the front side of die specimen and the detected energy propagating from the back side of die 
specimen; and 

processing the one or more ou^ut signals to determine a first characteristic of defects on the front side of 
the specimen and a second characteristic of macro defects on the back side of the specimen, conqmsing: 

at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending die at least partially processed one or more output signals from the local processor to a 
remote controller con^uten and 

frnther processing the at least partially processed one or more ou'^ut signals using die remote 
controller compixter. 

457. A system configured to determine at least two properties of a specimen during use, conqnising: 
a stage configured to siqjport the specimra during use; 

a measurement device coi^led to the stage, coiz^msing: 
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an illnzDiziatioii system coofiguied to f11ieq)eciinendiinngiise; 
and 

a detection system celled to ttie illumination ^stem and configured to detect eneigy 
pzopagaling from die sm&ce of flie specimen doling use, ^dieiein tiie measuxement device is 
5 configuxed to generate one or more output signals responsive to &e detected energy during use; 

and 

a processor cot9>led to die measurement device and corifigured to deternoine a firs^ 
property of the specimen fiom die one ox more oufput signals during use, wherein the first property 
comprises a presence of macro defects on the specimen, and \(^ierein die second property con^rises 
10 oveday misregistration of die specimen. 

458. The system of claim 457, wherein the measurement device further cong)xises a non-*imaging scatterometer. 

459. Ihe system of claim 457, wherein die measurement device furdier conqnises a scatterometer. 

15 

460. The system of claim 457, wherein die measurement device faiOxes comprises a spectroscopic 
scatterometer. 

46 1 . Ihe system of claim 457, wherein die measurement device furdier conqtrises a refiectometer . 

20 

462. The system of claim 457, wherein the measurement device fiirther conqxrises a spectroscopic 
refiectometer. 

463. The system of claim 457, wherein the measurement device furdier comprises an ellrpsometer. 

25 

464. The system of claim 457, i^erein die measurement device further conoprises a spectroscopic ellipsometer. 

465. The system of claim 457, indierein the measurement device furdier conqirises a bright field Trnagrng device. 



30 466. The system of claim 457, wherein die measurement device findier comprises a dark field imaging device. 

467. The system of claim 457, wherein die measurement device fiirdier comprises a bright field and dark field 
imaging device. 

35 468. The system of claim 457, wherein the measurement device further comprises a non-imaging bright field 
device. 
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469. The system of claim 457, wfaeieixi fte msasorement device further comprises a noxL-imaging dark field 
device. 



470. Hie system of claim 457» wherein the measurement device further compmes a non-imaging bright field 
S and dark field device. 

471 . The system of claim 457, Mlierein I3at measurement device further conqnises a double daric field device. 

472. llie system ofclaim 457, wherein ^measurement device further con^rises a coheres 
10 microscope. 

473. Ihe system of claim 457, wherein the measurement device further conqmses an interferometer. 

474. The system of claim 457, herein ^ measurement device further con^rises an optical profOometer. 

15 

475 . Hie system of claim 457, i^erein die measurement device further comprises at least a first measurement 
device and a second measurement device, and wherem die first and second measurement devices are selected fiom 
the gfoup consisting of a non-imaging scatterometer, a scatterometer, a spectroscopic scatterometer, a 
reflectometer, a spectroscopic refiectometer, an ellipsometer, a spectroscopic ellipsometer, a bright field imaging 

20 device, a dark field imaging device, a bright field and dark field imaging device, a non-imaging bright field device, 
a non-imaging dark field device, a non-imaging bright field and dazk field device, a coherence probe microscope, 
an interferometer, and an optical profilometer. 

476. The system of claim 457, wherein die macro defects conqnises resist contamination of a back side of the 
25 specimen. 

477. The system of claim 457, wherem the processor is further configured to determine a diizd property of the 
specimen fiom the one or more output signals during use, and wherem the third properly is selected from the groiq[> 
consisting of a roughness of the specimen, a roug^ss of a lay^ on the specino^n, and a roughness of a feature of 

30 thespedmen. 

478. The system of claim 457, wherein the illumination system is further configured to direct energy toward a 
bottom surface of the specimen during use, wherein the detection system is further configured to detect energy 
propagating fiom the bottom surface of the specimen during use, and wherein the first property furdier conq)rises a 

35 presence of macro defects on die bottom surface of die specimen. 

479. The system of claim 457, wherein die system is coupled to a lithography tool, wherein the system is 
configured to detennine the first property of the spechnen prior to an exposure st^ of a lidiogiaphy process, and 
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wherein the system is configured to detecimne tiie second property subsequent to Hit exposure stq> of the 
lithography process. 



480. Ihe system of clahn 457» wherein fte system is coupled to a li&ogrsphy tool, and ^lerein the system is 
configured to determine ihe first and second properties of die specimen subsequent to an exposmt step of a 



481. The system of claim 457, wherein the system is coupled to a process tool, and herein the process tool 
coQq>rises a lithogr^hy tool 

482. A method for detetnuning at least two properties of a specimen, conq}rising: 

disposing the specimen i:^n a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device conipises an illumination system and a detection system; 
directing energy toward a sur&ce of die specimen using the illumination system; 
defecting enerev nmnaffatiTiff finom the surface of the 58De ciTn en usfncy fte defection svstem! 
generating one or more aatput signals responsive to the detected eniragy; and 
processing the one or more output signals to determine a first property and a second property of die 
specimen, wherein the first property comprises a presence of macro defects on the specunen, and wherem 
the second property comprises overlay misregistration of die specimen. 

483. A computer-in^lemented mediod for controlling a system configured to determine at least two properties 
of a specimen daring use, wherein the system coinprises a measurement device, the method con^rising: 

controlling the measurement device, wherein the measurement device comprises an illumination system 
and a detection system, and wherein the measurement device is coupled to a stage, conpising: 



generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine a first property and a second property of the 
specimen, wherein the first property comprises a presence of macro defects on the specimen, and wherein 
die second property comprises overlay misregistration of the specimen. 

484. A semiconductor device fabricated by a method, the method con^)rising: 
forming a portion of die semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 
the measurement device comprises an illumination system and a detection system; 
directing energy toward a sur&ce of die specimen using the illumination system; 
detecting energy propagating fiom the surfiice of die specimen using the detection system; 




controlling the illumination system to direct energy toward a surface of die specimen; 
controlling the detection system to detect energy propagating fiom the surfiwe of the specimen; 
and 
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generating one r more output signals responsive to tiie detected energy; and 
pr cessing&e one or nK)re output signals to determine a first property and a second property of 
specimen, wherein the first property con^rises a presence f macro defects on the spedmen, and wherein 
the second property coiiq>rises overlay misrpgistrBtion of the specimen. 

5 

485. A method for fitbricating a senucGnductor device, comprising: 
formmg a portion of the semiconductor device i^on a specimen; 

disposing the specimen iqx)n a stage, wherein &e stage is coupled to a measurement device, and wherdn 
the measurement device ccnqgises an ilhimination system and a detection system; 

1 0 directing energy toward a sur&ce of tiie specimen using tiie illumination system; 

detecting energy propagating from tiie sur&ce of the specimen using the detection system; 
generating one or more output signals responsive to the detected energy; and 
processing tiie one or more ou^ut signals to determine a first property and a second property of tiie 
specimen, wherein the first property conqmses a presence of macro defects on the specimen, and wherein 

1 5 die secmid »inpgily cosc^jns^ overlay niisregistraii^Hi of flie specizsen. 

486. A system configured to determme at least two properties of a specimen during use, comprising: 
a stage configured to support the specimen during use; 

a measurement device coi^led to the stage, comprising: 
20 an illumination system configured to direct energy toward a sur^^ce of the specimen during use; 

and 

a detection system coiq)led to the illumination system and configured to detect energy 
propagating from the surface of the specimen during use, wherein die measurement device is 
configured to generate one or more output signals responsive to the detected energy during use; 
25 a local processor coi^led to die measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controller conqmter coiqpled to the local processor, wherein the remote controller coa9)uter is 
configured to receive die at least partially processed one or more ou^ut signals and to determine a first 
property and a second property of die specimen from the at least partially processed one or more output 
30 signals during use, wherein the first property comprises a presence of macro defects on the specnnen, and 

wherein tiie second property conqirises overlay misregistration of the specimen. 

487. A method for detennining at least two properties of a specimen, comprising: 

disposing die specimen upon a stage, wherein tiie stage is coupled to a measurement device, and wherein 
3 S the measurement device con^prises an illumination S3rstem and a detection system; 

directing energy toward a sur&ce of the specimen using the illumination system; 
detecting energy propagating fix>m tiie surfiu^ of the specimen using the detection system; 
generating one or more ouQ>ut signals responsive to the detected energy; and 
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processing the one or more output signals to detennine a fiist property and a second property of &e 
spedmen, wheiein tiie first prop e rty con[q>iises a presence of macro defects on the specimen, and \i1ieiein 
die second pn>pertyconqirisesovedaymisregistiation of tile q)ecimen, conqstising: 

at least partiaUy processing die one or more output signak using a loc^ 

local processor is coupled to die measurement device; 

sending die partially processed one or more output signals from die local processor to a remote 
controller con^uter, and 

finrtiiei processing die partially processed one or iQore output si^^ 
computer. 



10 



488. A S3rstem configured to detennine at least two properties of a specimen during use, comprising: 
a stage configured to siq)port die specimen during use; 

a first measurement device coupled to die stage, wherein the first measurement device is configured to 
generate one or more ou^ut signals responsive to at least one diin film characteristic of the q>ecimen 
IS daring use; 

a second measurement device coi^led to the stage, ^K^ierein the second measurement device is configured 
to generate one or more ou^ut signals responsive to at least one electrical property of the specimen during 
use; and 

a processor coiq)led to the first measurement device and the second measurement device, wherein die 
20 processor is configured to determine the at least one diin fihn characteristic firom die one or more output 

signals of the first measurement device during use and to detennine die at least one electrical property of 
the specimen firom the one or more output signals of the second measurement device during use. 

489. The system of claim 488, wherein the first measurement device comprises a refiectometer. 

25 

490. The system of claim 488, wherein the first measurement device coroprises a spectroscopic refiectometer. 

491. Hie system of claim 488, wherein die first measurement device coiiq)rises an ellipsometer. 

30 492. The system of claim 488, wherein the first measurement device conqnises a spectroscopic ellipsometer. 

493 . The system of claim 488, wherein the first measurement device conqirises a beam profile ellipsometer. 

494. The system of claim 488, wherein the first measurement device comprises a photo-acoustic device. 

35 

. 495. The system of claim 488, wherein the first measurement device conqsrises an eddy current device. 

496. Hie system of claim 488, wherein the first measurement device conqnises an X-ray refiectometer. 
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497. The system f claim 488, wherein the first measuxcmeDt device 



498. The systexa of claim 488, wherein the first measurement device conq>rises an X-ray di ff ract o m eter . 

499. The system of claim 488, wherein die first measurement device conqirises at least two measuzement 
devices, and wherem the at least two measurement devices are selected from the grot^ consistmg of a 
reflectometer, a spectroscopic leflectometer, an eIlq)someter, a spectroscopic eUipsometer, a beam profile 
eIlq>someter, a photo-acoustic device, an eddy cotrent device, an X-ray reflectometer, a grazing X-ray 
reflectometer, and an X-ray difGnactometer. 

500. The system of claim 488, wherein the second measurement device con^nises: 
an oven configured to anneal die specimen; 

a cooling device configured to reduce a ten^)erature of &e specimen subsequent to an annealing process; 

a device configured to deposit a charge on an upper surface of the specimen; and 

E ScBsor coujuguTcd to xncaSurc the at Icost Ou£ elwCtncAi property cf ulc chsrgcd upper suilticc cf ths 

specimen. 

501. The system of claim 488, M^ierein the at least one electrical property of die specimen is selected fiom the 
group consistmg of a capadtance, a dielectric constant and a resistivity. 

502. The system of claim 488, wherein the at least one electrical property comprises at least one electrical 
property of a layer on die specimen, and wherein the layer conq)rises a dielectric material formed on the specimen. 

503 . The system of claim 488, wherein the processor is further configured to determine a characteristic of metal 
contamination on the specimen from the one or more output signals of the second measurement device during use. 

504. The system of claun 488, ^erem the processor is fijrdier configured to determine a diird property of the 
specimen firom die one or more outout signals of die first or secomd measurement device durins use. and wherein 
the third property is selected from the groi^ consisting of a roughness of the specimen, a roughness of a kyer on 
the ^edmen, and a roughness of a feature of die specimen. 

505. The system of claim 488, wherein the system is coupled to a process tool sdected from the group 
consisting of a chemical vapor deposition tool, an atomic layer deposition tool, a physical vapor deposition tool, a 
plating tool, a chemical-mechanical polishing tool, a thermal tool, a cleaning tool, an ion implanter, and an etch 
tool. 

506. A mediod for determining at least two properties of a specimen, con:q>rising: 
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disposing ^ specimen upon a stage, wherein the stage is coupled to a fiist measmemeDt device and a 
second measurement device; 

generating one or more u^ut signals responsive to at least one diin fihn characteristic specimen 
widi &e first measurement device; 
S generating one or more oui^yut signals responsive to at least one electrical property of the specimen wiA 

the second measurement device; 

processing the one or more ou^nit signals from flie first measurement device to detennine the at least one 
tiiin film characteristic of the spedbnen; and 

processing &e one or more output signals fiom the second measurement device to detemoine the at least 
10 one electrical property of tfie speCToen. 

507. A coiDputer-implemented method for controlling a system configured to detennine at least two properties 
of a specimen during use, wherein the system conqiiises a stage configured to support &e specimen, and wiierein 
the stage is coupled to a first measurement device and a second measurement device, conpising: 

tiiin film characteristic of the specimen; 

controllmg &e second measurement device to generate one or moie output signals responsive to at least 
electrical property of the specimen; 

processing the one or more output signals firom the first measurement device to detemme the at least one 
20 thin fihn characteristic ofthe specimen; and 

processing the one or more ou^ut signals fiom the second measurement device to detemoine the at least 
one electrical property of die specimen. 

A semiconductor device fabricated by a method, the metbod conq)rising: 
forming a portion of die semiconductor device upon a specimen; 

disposing the specimen upon a stage, wherein die stage is coupled to a first measurement device and a 
second measurement device; 

generating one or more ou^ut signals responsive to at least one diin fihn characteristic of the specimen 
with the first measuiement device; 

generating one or more ou^ut signals responsive to at least one electrical prq)erty of the specimen with 
the second measurement device; 

processmg the one or more output signals fiom the first measurement device to detennine the at least one 
thin fihn characteristic of die specimen; and 

processing the one or more output signals fiom the second measuiement device to detennine the at least 
one electrical property of the specimen. 

509. A method for fabricating a semiconductor device, conq)iising: 
fonning a portion ofthe semiconductor device upon a specimen; 
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disposing tiie specinisn upon a stage, wherein the stage is coupled to a first measurement device and a 
second measurement device; 

generating ne or more output signals responsive to at least ne tiiin fifan cbaracteristic of llie specimen 
willi the first measurement device; 
S generating one or more output signals responsive to at least one electrical property of the specimen with 

die second measuremoit device; 

processing the one or more output signals fiom the first measurement device to determine fte at least one 
thin film characteristic of the specimen; and 

processing the one or nu>re output signals finm the second measurement device to determine tiie at least . 
10 one electrical property of the specimen. 



510. A system configured to detennine at least two properties of a specimen during use, conq)rising: 
a stage configured to support the specimen during use; 

a first measurement device coupled to the stage, wherein the first measurement device is configured to 



during use; 

a second measurement device coupled to ^ stage, wherein the second measurement device is configured 

to generate one or more ou^rat signals responsive to at least one electrical property during use; 

a local processor ooi^led to the first and second measurement devices, wherein tiie local processor is 

20 configured to at least partially process the one or more output signals from die first measurement device 

and the one or more output signals from the second measurement device during use; and 
a remote controller computer coupled to the local processor, wherein the remote controller conq>uter is 
configured to receive ihe at least partially processed one or more output signals, to detemune die at least 
one film characteristic from the at least partially processed output signals of the first measurement 

25 device, and to determine the at least one electrical property of the specimen from the at least partially 

processed output signals of the second measurement device during use. 

511. A method for determining at least two properties of a specimen, conqxrising: 

disposing the specimen upon a stage, wherein the stage is coiqyied to a first measurement device and a 
30 second measurement device; 

generating one or more output signals responsive to at least one thm film characteristic of the specimen 
wi& the first measurement device; 

generating one or more output signals responsive to at least one electrical property of the specimen with 
the second measurement device; 
35 processing tiie one or more output signals from tiie first measurement device to detemiine the at least one 

thin film characteristic of the specimen and the one or more output signals from the second measurement 
device to determine the at least one electrical property of the specimen, comprising: 
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at least partially processing &e one or more output signals &am die first measurement device and 
tiie ne or more output signals finm die second measurenient device using a 
wherein fhe local processor is coiqiled to the first and second naeasnreii^^ 
sending die partially processed ne or more output signals firom die local processor to a remote 
S controller conqiuter; and 

fordier processing die partially processed one or more output signals using die remote controller 
computer. 

5 12. A system configured to detennine at least four properties of a specimen during use, comprising: 
10 a plurality of measurement devices, wherein die plurality of measurement devices are configured to 

generate one or more ou^ut signals r^ponsive to a critical dimension of the specimen, overlay 
misregistration of the specimen, a presence of defects on the specimen, and a thin fifan characteristic of the 
specimen during use; and 

a processor coupled to die plurality of measurement devices, wherein the processor is configured to 
1 ^ ^ g te rtwwo the at least four properties of t??* specimen fi^cm ^^^^ xsms cr more output signals during use, 

wherein die at least four p r o pe rti es cono^irise the crrtical dimension of die specimen, the overlay 
misregistration of the specimen, die presence of defects on die specimen, and the diin fifan characteristic of 
die specimen. 

20 513. The system ofclaim 512, wherem die systemisfiirdier configured as a cluster tool 

514. The system of claim 5 12, wherein the system is fiirdier configured as a stand alone system. 

515. The system of claim 512, wherein the plurality of measurement devices con^rise a non-hnaging 
25 scatterometer. 

516. The system ofclaim 512, wherein the plurality of measurement devices coirqnrise a scatterometer. 

517. The system of claim 512, indierem the plurality of measurement devices comprise a spectroscopic 
30 scatterometer. 

518. The system of clahn 512, wherem the phnality of measurement devices conprise a refiectometer. 

519. The system of claim 512, wherein die plurahty of measurement devices comprise a spectroscopic 
35 refiectometer. 

520. The system of claim 5 12, viierein die plurality of measurement devices conqxrise an ellq)someter. 
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521. Thesystem f claim 512, whereia die plurality fmeasuiexnesrt devices coiiqirise a spectrosc^ 
ellipsometcr. 

522. Hie system of claim 512, ^^iierein&e plurality fmeasurement devices conqsrise a beam profile 
5 ellipsometer. 

523. The systra of claim 512, wherein the plurality of measurement devices conqsrise a dual beam 
spectrophotometer. 

10 524. Thesystemof claim 512, wherein die plmality of ineasuiement devices coinprise a br^ 
device. 

525 . The system of claim 512, wherein the phiraliQr of measurement devices comprise a dark field imaging 
device. 

1 c 

526. The system of claim 512, wherein the plurality of measurement devices comprise a bright field and a dai^ 
field imping device. 

527. The system of claim 512, wherein die plurality of measurement devices cooqirise a double da± field 
20 device. 

528. The system of claim 512, wherein the plurality of measurement devices comprise a bright field non- 
imaging device. 

25 529. The system of clann 512, wherein the phuahty of measuronent devices conqxrise a dark field non-imaging 
device. 

530. Tbe system of claim 5 12, wherein die plurality of measurement devices coaqxrise a bright field and a daik 
field non-imaging device. 

30 

53 1 . The system of claim 512, wherein the plurality of measurement devices comprise a coherence probe 
microscope. 

532. The system of claim 512, whereintheplurality of measurement devices corxq)ii5e an interference 
35 microscope. 

533. The system of claim 512, wherein die phvaHty of measurement devices conq)rise an optical profilometer. 
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534. The system of claim 512, ^vfaerein die phnality of measuremeat devices conqmse a photo-acoustic device. 



535. The system f r .laiTn 512^ wherein Ae plurality of measurement devices conqgise an eddy cnncnt device. 

536. The system of claim 512, wherein die plurality of meastzremeat devices comprise an X-ray reflectometQr. 

537. The system of claim 512, wherein the pturahty of measurement devices comprise a grazing X-ray 
reflectometer. 

538. The system of claim 512, wherem die phmdity of measurement devices con^rise an X-ray dif&actometer. 

539. The system of claim 512, wherein die defects conqnise macro defects. 

540. The system of claim 512, wherein the presence of defects on the specimen conq)rises a presence of defects 
on a bottom suimce of die specimen. 

541. The system of claim 512, wherein the processor is furdier configured to determme a fifdi property of the 
specimen from die one or more output signals during use, and wherein the fifth property comprises a flatness 
measurement of die specimen. . 

542. The system of claim 512, wherein die processor is furdier configured to determine a fiidi prop^ of the 
specimen from the one or more output signals during use, and wherein die fifth property is selected from the groiq) 
consisting of a roughness of the specimen, a roughness of a layer on the specimen, and a roughness of a feature of 
the specimen. 

543 . A mediod for determining at least four properties of a specimen, conqirising: 

generating one or more output signals widi a plurality of measurement devices, wherein the one or more 
output signals are responsive to at least four properties of die specimen; and 
processing the one or more output signals to detemine the at least four properties of die specimen, 
wherein the at least four properties campiise a critical dimension of the specimen, overlay misregistration 
of the specimen, a presence of defects on the specimen, and a dun film characteristic of the specimen. 

544. A conq)uter-implemented method for controlling a system configured to determine at least four properties 
of a specimen during use, wherein the system conq)rises a plurality of measurement devices, comprising: 

controlling the plurality of measurement devices to generate one or more output signals responsive to at 
least four properties of the specimen; and 

processing the one or more output signals to determine die at least four properties of die specimen, 
wherein the at least four properties of die specimen comprises a critical dimension of the specimen. 
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verlay misregistratioii f the specimen, apieseace of defects on the spedmen, and a tfain film 
chaiacteiistic of fte-specimen. 

545. . AseImcondactordevice&bricatedbyame&od,&emedlodco^^)rising: 
5 foxming a portion of fixe semiconductor device upon a specimen; 

generating one or more ou^ut signals with a phnahty of measurement devices, wherein the one or more 
output signals are responsive to at least four properties of fte specimen; and 
processing fbis one or moreou^ut signals to detetmme the at least four properties of the specimen, 
wherem fte at least four properties conqnise a critical dimension of &e spechnen, overlay misregistration. 
10 of the spedmen, a presence of defects on the specimen, and alhin film characteristic of the specimen. 

546. A me&od for fabricating a semiconductor device, conq>rising: 
forming a portion of the semiconductor device upon a specimen; 

generating one or more output signals with a plurality of measurement devices, wherein the one or more 
1 S uUipui siguals die icSponslve to at icost four prcpcrtics of the specimen; and 

processing the one or more ou^ut signals to detecmine the at least four properties of &e specimen, 
wherem die at least four properties coixq>rise a critical dnncnsion of the specimen, overlay misregistration 
of the specimen, a presence of defects on die spedm^ and a thin film characteristic of ^ specimen. 

20 547. A system configured to determine at least four prop^es of a specimen during use, conqxrismg: 

a plurality of measurement devices, wherein the plurality of measurement devices are configured to 
generate one or more ou^ut signals responsive to die at least four properties of the specimen; 
a local processor coi^led to the plurality of measurement devices, wherein the local processor is 
configured to at least partially process the one or more output signals during use; and 

25 a remote controller computer coupled to the local processor, wherein the remote controller conqniter is 

configured to receive die at least partially processed one or more output signals during use and to 
determine die at least four properties of die spechnen during use, and wherein die at least four properties 
CQnq)rise a critical dimension of the specimen, overlay misregistration of the specimen, a presence of 
defects on the specimen, and a diin film characteristic of die specimen. 

30 

548. A mediod for determining at least four properties of a specimen, comprising: 

generating one or more ou^ut signals with a plurality of output signals, wherem the one or more output 
signab are responsive to at least four properties of the specimen; and 

processing the one or more output signals to determine the at least four properties of the specimen, 
35 wherein the at least four properties conqjrise a critical dimension of the specimen, overlay misregistration 

of die specimen, a presence of defects on die specimen, and a thin film characteristic of die specimen, 
wherein processing the one or more ou^ut signals conqftises: 
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at least partially processing the ne or more ou^ut signals using a local processor, wherein the 
local processor is coiq)led to the plurality f measurement devices; 
sending the partially processed one r more output signals fiomlbje local processor to a remote 
controller campntsr, and 
S further processing ftepartfaUy processed one or imueon^jutsi^^ 

conaqputer. 

549 . A system configured to determine at least two propoties of a specimen during use, con^rising: 
a stage confignred to siQiport die specimen during use; 

1 0 two or more measuremrait devices cotq>led to &e stage, wherein the two or more measurement devices are 

configured to generate one or more ou^ut signals in response to one or more of the at least two properties 
of ^ specimen during use; and 

a processor coupled to the two or more measurement devices, wherein the processor is configured to 
determine the at least two properties of the specimen fi:om the one or more output signals during use, and 

1 C ^_ _* _ * ' i J ' * ^ ' I L n «K ^i<_m i _ t-rn ■ ipi__^ l* ll.o.»i. nmtjt 1a<kO^ 

additional property of the specimen. 

550. The system of claim 549, \^erein die two or more measurement devices coa^)rise a small-spot photo- 
acoustic device and a grazing X-ray reflectometer. 

20 

55 1 . Tlie system of claim 549, wherein die two or more measurement devices con^rise a small-spot photo- 
acoustic device and a broadband small-spot spectroscopic ellipsometer. 

552. The system of claim 549, furdier comprising a pattern recognition system coii^led to the stage and die 
25 processor, wherein the pattern recognition system is configured to generate one or more output signals during use, 

and wherein the processor is fiirther configured to process die one or more ou^ut signals firom die pattern 
recognition system during use. 

553. Tlie system of claim 549, wherein at least one element of a first of die two or more measurement devices 
30 comprises at least one element of a second of die two or more measurement devices. 

554. The system of claim 549, wherein die at least one additional property is selected from die group consisting 
of an index of refiraction, a velocity of sound, a density, a critical dimension, and a profile of a layer or a feature 
formed on the specimen. 



35 



555. The system of claim 549, wherein die stmcture comprises a single layer formed on die specimen. 
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556. The system of claim 549, wherein tiie stiuctuie conspdscs a single layer formed on the specimen, and 
wherein the single layer is selected from the group consisting of a substantially transparent film, a senu-transparent 
fihrij and Bn opa^pie metal filiw. 

5 557. The system ofclaim 549, wherein the stracture comprises nidt^ilek^ 

558. The system of claim 549, herein the stnicture con^nises multiple layers formed on the specimen, and 
wherein the multiple layers CQnq>rise two or more layers selected from &e groq) consisting of a substantially 
transparent fii^j a semi-transparent filirij an opaque metal fifa^, and any combination thereof. 

10 

559. The system of claim 549, wherein the specimen con^rises a blanket wafer. 

560. The system of claim 549, wherein die specimen conqnises a patterned wafer. 

15 561. The system of claim 549, further cesaprising a hanHlmg robot Gonfigured to dispose flie specimen on the 
stage, wherein tiie handling robot is coupled to the two or more measurement devices. 

562. The system of claim 549, further conpising a power supply, wherein the power supply is coupled to the 
first measurement device and the second measurement device. 



20 
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563. The system of claim 549, further comprising an autofocus mechanism, wherein the autofocus mechanism 
is configured to bring a specimen substantially into focus for the two or more measurement devices. 

564. The system of claim 549, wherein the system is coupled to a chemical-mechanical polishing tool. 



565. A method for determining at least two properties of a specimen, coixq>rising: 

disposmg the specimen upon a stage, wherein the stage is coiq)led to two or more measurement devices; 
generating one or more output signals with the two or more measurement devices, wherein the one or 
more output signals are responsive to the at least two properties of the spedmei^ and 
3 0 processing the one or more ou^t signals to detemune the at least two properties of the specimen, wherein 

the at least two properties of the specimen conqnise a Mckness of a stnicture on the specunen and at least 
one additional property of tiie specimen. 

566. A con^uter-implemented method for controlling a system configured to determine at least two properties 
35 of a specimen during use, wherein tihe system comprises a stage coupled to two or more measurement devices, and 

\^erein the stage is configured to siqiport the specunen during use, the method conqirismg: 

controlling the two or more measurement devices to genemte one or more output signals responsive to tibe 
at least two properties of tiie specimen; and 
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processing the one r more output signals to detennine tiie at least tw properties of the specimen, wherein 
theatleasttw properties of the specimen conq)rise a tliickness fa structure on tiie specimen and at least 
one additi nal property of the specimen. 

567. A semkonductor device &bzicatBd by a method, Ihe meffaod cftmprimng- 
f onning a portion of &e semicondoctor device upon a specimen; 

disposing die specimen upon a stage, wherein die stage is coiq)led to two or more measurement devices; 
generating one or more ou4>ut signals with the two or noore measurement devices, whecein die one or 
more ou^ signals are responsive to Ihe at least two properties of fte specimen; and 
processing the one or more output signals to detemiine iSbs at least two properties of die specimen, wherein 
die at least two properties of the specimen conqirise a diickness of a stmcture on the specimen and at least 
one additional property of die specimsi. 

568. A method for fabricating a semiconductor device, con^nsing: 
lOimiug a portion of the scmiccnductcr device upon a specimen; 

disposmg the specimen upon a stage, wherein the stage is coiq)led to two or more measurement devices; 
generathoig one or more output signals with die two or more measurement devices, wherein die one or 
more output signals are responsive to die at least two properties of die spechnen; and 
processing the one or more output signals to determine die at least two properties of die spedmen, wherem 
the at least two properties of the spechnen comprise a thickness of a stmcturo on die specimen and at least 
one additional property of the specimea 

569. A system configured to determine at least two properties of a specimen during use, conqirising: 
a stage configured to support the specimen during use; 

two or more measurement devices coupled to the stage, wherein the two or more measurement devices are 
configured to generate one or more output signals in response to one or more of the at least two propoties 
of die specimen during use; 

a local processor coiq>led to the two or more measurement devices and configured to at least partially 
process the one or more output signals during use; and 

a remote controller con^uter coupled to die local processor, wherein die remote controller con^uter is 
configured to receive die at least partially processed one or more output signals and to determine die at 
least two properties of die specimen from the at least partially processed one or more ou^ut signals during 
use, and wherein the at least two prq^erties conqmse a thickness of a structure on the specimen and at least 
one additional property of the specimen. 

570. A mediod for determining at least two properties of a specimen, conqnising: 

disposmg the specimen upon, a stage, wherem die stage is coupled to two or more measurement devices; 



231 



wo 02/25708 PCT/USOl/42251 
generating ne or more ulput signals wifli ^ two ox more measurement devices, vhereixi the one or 
more output signals axe responsive to ^ at least two pxoperties of the specimen; and 
pr cessing the one or more output signals to determine &e at least two properties of tibe specimen, wherein 
the at least two properties of &e specimen comprise a thickness of a structure n tiie specimen and at least 
5 one additional property of the specimen, herein processing die one or more ou^ut signals conqirises: 

at least partially processing tiie one or more on^ut signals usmg a local processor, wherein the 

local processor is coiq>led to iSae two or more measurement devices; 

sending the partially processed one or more output signals ftom die lopal processor to a remote 

controller con^utei; and 

10 foidier processing die partially processed one or more output signals using the remote contzoUer 

conqiutex. 

571 . A system configured to determine at least one property of a specimen during use, conqnising: 

a lithography track configured to perform one or more steps of a lidiography process on the specimen 
15 during use; 

a spectroscopic ellipsometer coupled to the lithography track, wherein the spectroscopic el]q>soineter is 
configured to generate one or more output signals responsive to the at least one property of the specimen 
during use; and 

a processor coupled to the spectroscopic ellipsometer, wherein the processor is configured to detomine the 
20 at least one property of the specimen from the one or more output signals during use. 

572. The system of claim 571, wherein the at least one property is selected from the group consisting of a 
thickness, an index of refraction, an extinction coefELcient, a critical dimension^ and a profile of a stmcture on the 
specimen. 

25 

573. The system of claim 571, further conqnismg an additional measurement device coupled to the lithography 
track, wherein the processor is fuzd&er coupled to the additional measurement device, and wherein ^ processor is 
frirther configured to determine an additional property of die specimen from one or more output signals generated 
by the additional measurement device. 

30 

574. The system of claim 571, wherein die processor is further configured to determine an additional property 
of the specimen from the one or more output signals during use, and wherein the additional property is selected 
from the group consisting of a roughness of tiie specimen, a roughness of a layer on die specimen, and a roughness 
of a feature of die specimen. 

35 

575. The system of claim 571, wherein die processor is fiirdier configured to determine a presence of defects on 
the specimen fit>m the one or more output signals during use. 
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576. Thesystem f claim 571, wherein flie spectroscopic ellq)Someter is 

area of tlie specimen nto a one-dimensional detector sudi tliat at least iSbs one property of the specimen can be 
determined at multiple locations on the specimen substantially sinmltaneously. 

5 577. The system of claim 571, wherein the spectroscopic ellipsometer is further conflgmrd to image at least an 
area of Ihe spedmen onto a two-dhnensional detector such that at least lhs one property of the specunen can be 
determined at multqple locations substantially simultaneously. 

578. The system ofclaim 571, wherein flie spectroscopic ell^onoeter is further co^ • 
10 ofthelithogn^hy track. 

579. The system of claim 571 , wherein die spectroscopic ellipsometer is further coupled to a process chamber 
of the lidiography track, and wherein the spectroscopic elli^ometer is further configured to generate the one or 
more output signals during a resist apply process performed in the process chanober. 

15 

580. The system of claim 571, wherein tiie spectroscopic ell^someter is furdzer coupled to a process dzamber 
of flie lithography track, and ^tdierem lb& spectroscopic eH^someter is further configured to generate the one or 
more output signals during a post apply bake process perfoxmed in die process chamber. 

20 581. The system of claim 57 1, wherein the spectroscopic ellipsometer is fimher coupled to a process chamber 
of the lithograpl^ track, and herein the spectroscopic ellipsometer is further configured to generate the one or 
more output signals during a chill process performed in the process chaniber. 

582. The system of claim 57 1 , wherein the spectroscopic ellipsometer is further coupled to a process chamber 
25 of die lithography track, wherein the spectroscopic ellipsometer is further configured to generate the one or more 

output signals during a process step performed in the process chamber, and wherein the process step is performed 
subsequent to a develop process step. 

583. Hie system of claim 571, wherem die q>ectroscopic ellipsometer iS furdier coi^led to a process chamber 
30 of die Mography track, and wherein the spectroscopic ell^someter is fiizlher configured to geoerate die one or 

more output signals prior to an exposure step of die lithography process. 

584. The system of claim 571, whoem die spectroscopic eUipsometer is further coupled to a process chamber 
of the hdiography track, wherein the spectroscopic ellipsometer is further configured to generate the one or more 

3 S output signals subsequent to an exposure step of the lithography process, and wherein die at least one property of 
the specunen comprises at least one property of a latent image formed on the spedmen by the exposure step. 
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585. The system f claim 571, wherein the lith gr^y track con^nises a first process chamber and a second 
process chamber, wherein a stage conpled to the spectroscopic ell^someter is configured to move the specimen 
from the first process chamber to die second process chamber daring use, and whoein die spectroscopic 
e]lq)sonieter is fiirtfaer canfigored to generate the one or more output signals as the stage is moving the specimen 

5 from the first process chamber to the second process cfaflmber. 

586. The system of claim 585, whetein die first process chamber is configured to chill die specimen during use:, 
and wherein die second process diamber is configured to apply resist to die spednien d^ 

10 587. The system ofclaim 585, wherein the first process dumber is configured to chiU die s^^ 

to a post apply bake process step during use, and wherein the second process chamber is configured to expow die 
specimen during use. 

588. The system of claim 585, wherein the first process chamber is configured to expose die specimen during 
1 J use, ana wnerein me secona piocc^s ciuuiiDCi u» guuii^uicu w ua&c luc apcwuucu auM»«Hjuwit w wiwp%/au»w 

specimen daring use. 

589. The system of claim 585, wherein die first process chamber is configured to chill the specimen subsequent 
to a post e^qposure bake process step during use, and wherein the second process chamber is configured to develop 

20 die specunen during use. 

590. The system of claim 585, wherein the first process chamber is configured to develop die spedbnen during 
use, and wherein die second process chamber is configured to bake the spedmen subsequent to a develop process 
step during use. 

25 

591 . The system of claim 585, wherein the first process chamber is configured to develop the specimen during 
use, and wherein the second process chamber is configured to receive the specimen in a wafer cassette during use. 

592. A method for detemdining at least one property of a specimen, conq>rising: 

3 0 processing die specimra with one or more steps of a lithography process in a lidiography tradg 

generating one or more output signals responsive to the at least one property of die specimen widi a 
spectroscopic elli9)someter, wherein the ^ectroscopic ellg}Someter is coi^iled to the lidiogn^hy track; and 
processmg the one or more ou^sut signals to detemine the at least one property of die specimen. 

35 593. • A coniputer-iiiiplemented method for controlling a system configured to determine at least one 

a specimen during use, wherein the system comprises a spectroscopic ellipsometer, the mediod comprising: 

controlling the spectroscopic ellipsometer to generate one or more ou^ut signals responsive to the at least 
one property of die specimen, wherein the spectroscopic ellipsometer is coupled to a lidiography track, and 
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wherein ftie li& graphy track is configared to peifolm one r more steps of a lithogcs^hy process ou the 
spedmen during use; and 

processing the ne or more ou^ut signals to determine die at least one property of die specimen. * 

5 594. Asemicondiictordevice&bEicatBdbyainedio4^ineA<><^ 

processing die specimen widi one or more steps of a lidiography process in a liftography track to form a 
pattemed resist on die spedrnen, wherein the pattemed resist can be used to f<mn at least a 
soniconductor device; 

generating one or more output signals responsive to the at least one property of the specimen widi a 
10 spectroscopic el]q>someter, wherein die spectroscopic ellipsometer is coi^led to die littiogR^y track; and 

processing die one or more output signak to deterrnine die at least one property of ^ 

595. A method for fabricating a semiconductor device, coIx^)rising: 

processing die specimen with one or more steps of a hdiography process in a lidiography track to form a 
1 S patiemcd icsist On the specimen, wherein the patterned resist con be used tc fcrm at least a posticn offtis 

semiconductor device; 

generating one or more ou^ut signals responsive to die at least one property of die specimen widi a 
spectroscopic eUqisometer, wherein the spectroscopic ellipsometer is coi:q)led to the titfaogr^hy track; and 
processing the one or rnore ouiput signals to deteriiiine die at least one property of 

20 

596. A system configured to determine at least one property of a specimen during use, comprising: 

a lithography track configured to perform one or more steps of a lidiography process on the specimen 
during use; 

a spectroscopic ellipsometer cot:^led to the lithography track, wherein die spectroscopic ellq)someter is 
25 configured to generate one or more output signals responsive to die at least one property of die specimen 

during use; 

a local processor coiqiled to the spectroscopic ell^someter, wherein the local processor is configured to at 
least partially process the one or more ou^iut signals during use; and 

a remote controller computer coupled to the local processor, wherein the remote controller computer is 
3 0 configured to receive die at least partiaUy processed one or more output signals and to further process die 

one or more output signals to determine the at least one property of the specimen during use. 

597. A method for detenmning at least one property of a specimen, con^rising: 

performing one or more steps of a Htixography process on the specimen in a lithography track; 
35 generating one or more output signals responsive to ^e at last one property of the specimen with a 

spectroscopic ellipsometer, wherein the spectroscopic ellipsometer is coupled to the lithography track; and 
processing the one or more output signals to determine the at least one property of the specimen, 
compnsmg: 
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at least paxtially processing tiie one or more output signals using a local processor, wherein the 
local processor is coiQ>led to Ihe spectroscopic ell^someter, 

sending the partially processed one rmore u^ut signals fiDom die local processor to a remote 
controller conQniter, and 
5 further processing the partially processed one or more output signals!^ 

conqniter. 

598. A system configured to determine at least two properties of a specimen during use, comprising: 
a stage con^gured to sapport the specimen during use; 
10 a measurement device coiq>led to the stage, comprising: 

an illumination system configured to direct energy toward a surfiiice of die specimen during use; 
and 

a detection system coupled to the illumination system and configured to detect energy 
propagating from tiie surface of the specimen during use, wherein the measurement device is 



X D connguied to generate one or more uiupul siguois iH icSpOuSc to the dstcCtcd cuvt^gy GW^ug use; 

and 

a processor coupled to die measurement device and configured to determine the at least two properties of 
the specimen fiom the one or more output signals during use. 

20 599. A iiiediod for deteirmning at least two properties of a speciineii,cornprismg: 

disposing the specimen upon a stage, wherein die stage is coupled to a measurement device, and wherein 
the measurement device coiiq>rises an illumination system and a detection system; 
directing energy toward a surface of the specimen using die illumination system; 
detecting energy propagating fiiom the surface of the specimen using die detection system; 

25 generating one or more ou^ut signals responsive to die detected energy; and 

processing the one or more ou^ut signals to determine the at least two properties of the specimen. 

600. A con9Uter-inq>lemented method for controlling a system configured to determine at least two properties 
of a specimen during use, wherem the system comprises a measurement device, conqirising: 

30 controlling die measurement device, whemn the measurement device conqnises an iUunnnatian system 

and a detection system, and wherein the measurement device is coiq>led to a stage, conqirising: 
controlling die iUumination system to direct energy toward a surfitce of the specimen; 
controUmg die detection system to detect energy propagating from the surface of the specimen; 
and 

3S generating one or more output signals responsive to the detected energy; and 

processing the one or more output signals to determine the at least two properties of the specimen. 

601. A semiconductor device fidnicated hy a mediod, die method corrq)rising: 
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fianmsg a portion fflie semiconductor device iq)on a specimen; 

disposing &e specimen a stage, ^x^rein tiie stage is coupled to a measurement device, and wherein 

the measurement device comprises an illumination system and a detection system; 

directing energy toward a sur&ce of the specimen using die illumination system; 

detecting energy propagating from the suc&ce of the specimen using the detection system; 

generating one or more output signals responsive to the detected energy; and 

processizig &e one or more ou^ut signals to detemune the at least two properties of the portion of tiie 

semiconductor device. 



602. A method for fabricating a semiconductor device, con^iirising: 
forming a portion of tiie semiconductor device upon a specimen; 

disposing die specimen upon a stage, wherein the stage is coupled to a measurement device, and wherein 

the measurement device coiz^izses an ilhzmizzatzos system and a detection system; 

directing energy toward a surface of die specimen using the illumination system; 

detecting energy propagating nom me sumce of ibc specimen usiug uie detection s^'stsm; 

generating one or more output signals responsive to the detected energy; and 

processing die one or more ou^mt signals to determine the at least two propeiies of the portion of the 

semiconductor device. 



603. A system configured to determine at least two properties of a spechnen during use, con^risii^: 
a stage configured to support the specimen during use; 

a measurement device coupled to the stage, comprising: 

an illumination system configured to direct oiergy toward a surface of the specimen during use; 
and 

a detection system coupled to die iUummation system and configured to detect energy 
propagating from tiie sur&ce of the specimen during use, wherem the m^isurement device is 
configured to generate one or more output signals in response to die detected eneigy during use; 

a local processor coupled to the measurement device and configured to at least partially process the one or 

more output signals during use; and 

a remote controUer computer coupled to the local processor, wherein the remote controller computer is 
configured to receive the at least partially processed one or more ou^ut signals and to detennine the at 
least two properties of the specimen fiom the at least partially processed one or more output signals during 
use. 

604. A mediod for detexxninmg at least two properties of a specimen, con^rising: 

disposmg the specimen i^n a stage, wherein the stage is coupled to a measurement device, and wherem 
the measurement device conqirises an illumination system and a detection system; 
directing energy toward a sur&ce of the specimen using die illumination system; 
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detecting energy propagatmg fixm the surface ftiie specimen using Hie detect! nsysten^ 
generating ne or more output signals in response to ttie detected energy; and 

processing &e ne or more output signals to detennine die at least tw properties ofdie specimen, wherein 
processing the one or more output signals conqirises: 
S at least partially processing the one or more output signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sendiz^g the paitialb^ processed one or more ou^ut signals fiom Ihe local processor to a remote 
controller computer; and 

fother processing the partiaUy processed one or more oulput signals using &e remote controO . 
10 computer. 

605. A system configured to detennine at least one property of a specimen during use, comprising: 
a process tool configured to process tiie specimen during use; 

a measurement device coupled to the process tool, comprising: 
15 an illumination system counguicd lu uiicci cuergy to wmu uie ouiMce cf the specimen dursig use; 

and 

a detection system coupled to the iSomination system and configured to detect energy 
propagating fiom Ihe snr&ce of the specimen during use, wherein the measurement device is 
configured to generate one or more output signals in response to ^ detected energy during use; 
20 and 

a processor coi^led to the measurem^ device and configured to deteimme the at least one property of 

die specimen from^ one or more output signals during use. 

606. A method for determining at least one property of a specimen, conqnising: 
25 processing the specimen in a process tool; 

directing energy toward a surface of the specimen using an illumination system; 
detecting energy propagating from the surfiice of &e specunen using a detection system, wherein 
illumination system and the detection system conq>rises a measurement device, and wherein the 
measurement device is coupled to the process tool; 
3 0 generating one or more output signals responsive to the detected eaeigyi and 

processing the one or more output signals to determine the at least one property of the specimen. 

607. A coniputer-implemented method for controlling a system configured to determine at least one property of 
a specimen during use, wherein the system comprises a measurement device coupled to a process tool, and wherein 

35 the process tool is configured to process the specimen during use, the method conq)rising: 

controlling die measurement device, wherein die measurement device conqirises an illumination system 
and a detection system, conQ)rising: 

controlling the illumination system to direct energy toward a surface of the specimen during use; 

238 
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controlling the detection system to detect eneigy propagating from ^ snz&ce of the specinien 
during use; and 

generating one or more oo^ut signals responsive to Ae detected eneigy; and 
processing die one or more output sigoab to detennine fte at least one pn>pe^ 

5 

608. A semiconductor device fabricated by a mefiiod, lbs me&od conqirising: 

processing a specimen in a process tool to perform at least a stq> of a process on tiie specimen 
directing energy toward a sur&ce of &e specimen using an illumixmtion system; 
detecting energy propagating from tiie surface of die specimen using a detection system, x^erein 
1 0 illumination system and the detection system conqirises a measurement device, and ^lerein the 

measurement device is coupled to die process tool; 
generating one or more output signals responsive to the detected energy; and 
processing the one or more output signals to determine at least the one property of the specimen. 

1 S €09, A medicd for fabricatisg a semiccHiductDr device, con^rising! 

processing a specimen in a process tool to perform at least a step of a process on the specimen; 
directing energy toward a sui&ce of the specimen using an illumination system; 
detecting energy propagating from the surfru^ of the specimen using a detection system, ^dierein 
illumination system and the detection system conqirises a measurement device, and wherein the 

20 measurement device is coiq>led to the process tool; 

generating one or more output signals responsive to the detected energy; and 

processmg the one or more output signals to determine at least the one property of the specimen. 

610. A system configured to determine at least one property of a specimen during use, coixq)rising: 
25 a process tool configured to process the specimen during use; 

a measurement device coupled to die process tool, conq)rising: 

an illumination system configured to direct energy toward the surfru^ of die specimen during use; 
and 

a detection system coiq>led to die illumination system and configured to detect energy 
30 propagatmg from the surfice of the specimen during use, wherein the measurement device is 

configured to generate one or more ou4)ut signals m response to die detected energy durmg 
and 

a local processor coupled to die measurement device and configured to at least partially process die one or 
more output signals during use; and 
35 a remote controller computer coupled to the local processor, wherein the remote controller conq)uter is 

configured to receive the at least partially processed one or more output signals and to determine &e at 
least one property of the specimen fr m the at least partially processed one or more output signals. 
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611. A method for detffnnniing at least one property of a specimen, compxising: 
processmg &e specimen in a process tool; 

directing energy toward a surface of &e specimen using an iUmninatiQn system; 
detecting energy prop^ating fi:om flie scn&ce of the specimen usiog a detection system, wherein the 
5 iUmnination system and the detection systmcmi^nis^ 

measurement device is coiq>]ed to die process tool; 
generating one or more output signals responsive to fte detected energy and 
processing &e one or more output signals to determine at least the one property of the specimen, 
comprising: 

10 at least partially processing the one or more on^ut signals using a local processor, wherein the 

local processor is coupled to the measurement device; 

sending the partially processed one or more ou^ut signals fiom the local processor to a remote 
controller computer, and 

further processing the partially processed one or more output signals using the remote controller 

1 c ^ -^^n. 

WUtpUUS&« 

612. A systemconfigured to determine at leasttwo properties of a specimen during use, conqirising: 
two or more measurement devices, wherein the two or more measurement devices are configured to 
generate one or more output signals responsive to one or more of the at least two properties of &e 

20 specimen during use; and 

a processor coupled to ^e two or more measurement devices, wherein &e processor is configured to 
determme the at least two properties of ^ specimen from the one or more output signals during use. 

613. A method for determining at least two properties of a specimen, con^srising: 

25 generating one or more ou^t signals with two or more measurement devices, wherein ihs one or more 

output signals are responsive to one or more of the at least two properties of the specimen; and 
processing the one or more output signals to determine the at least two properties of &e specimen. 

614. A computer-iizq)lemented method for controlling a system configured to determine at least two properties 
30 of a specimen during use, wherein the system coxiiprises two or more measurement devices, conpismg: 

controUmg the two or more measurement devices to generate one or more output signals responsive to one 
or more of the at least two properties of the specimen; and 

processing the one or more ou^ut signals to determine the at least two properties of the specimen. 

35 615. A semiconductor device fabricated by a me^od, ^e method conqnising: 
forming a portion of the semiconductor device upon a specimen; 

generating one or more output signals with two or more measurement devices, wherein tibe one or more 
output signals are responsive to one or more of at least two properties f the specimex^ and 
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processing title ne or more utpnt signals to determine the at least two properties of &e specimen. 



A method for &[bricating a semiconductor device, comprising : 
forming a portion of the semiconductor device T9on a spedmen; 

generating one or more output sjgnak wi& two or more measurement devices, wherein die one or more 
ou^ signals are responsive to one or more of at least two properties of Ifae specinien; and 
processing flie one or more ou^ signals to detramine the at least two properties of die specimen. 

A system configured to determine at least two properties of a specimen during use» comprising: 
two or more measurement devices, wherein the two or more measurement devices are configured to 
generate one or more output signals responsive to one or noore of the at least two properties of the 
specimen; 

a local processor coi^led to the two or more measurement devices, wherein the local processor is 
configured to at least partially process the one or more output signals during use; and 
M T^mfits ccntroUiK ccmputsr coupled to ^le Icc-sl wherein the rnmnte controller comDuter is 

configured to receive the at least partially processed one or more output signals during use and to 
determme the at least two properties of die specimen during use . 

618. A method for detemuning at least two properties of a specimen, con^risii^: 

20 generating one or more ou^mt signals widi two or more measurement devices, wherein the one or more 

output signals are responsive to one or more of the at least two properties of the specimen; and 
processing the one or more output signals to determine the at least two properties of the specimen, iKiierein 
processing the one or more output signals comprises: 

at least partially processing the one or more output signals using a local processor, wherein the 
25 local processor is coupled to the two or more measurement devices; 

sending &e partially processed one or more ou^ut signals fixmi the local processor to a remote 
controller coii^ter, and 

fiirfiier processing the partially processed one or more output signals using die remote controller 
con^nxter. 

30 

619. A system configured to determine at least one property of a specimen during use, conqmsing: 

a lithography track configured to perform one or more steps of a lithography process on the specimen 
during use; 

a measurement device coupled to the lithogr^hy track, wherein the measurement device is configured to 
35 genemte one or more output signals responsive to the at least one property of die specimen during use; and 

a processor cot^led to die measurement device, wherein the processor is configured to determine the at 
least one property of the specimen fiom die one or more output signals during use. 
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620. A method for detennmiiig at least one property of a specimen, conqnising: 

processing &e specimen wiOioiieormoie steps of a lidi gti^lQr process in a lidiogcqihy track; 
generating one or more u^ut signals responsive to the at least one property of the spednienwifli a 
measarement device, ^riieiein tiie measurement device is coi^led to the lithogR^hy track; and 
5 processing tiie one or more output signals to detenainefte at least one property of die sp 

621. A con9uter-inq)lementedmediod for contcoUipg a system configured to determine at least one property of 
a specimen during use, herein the system conqsrises a measurement device, the mediod con^nising: 

controlling the measurement device to generate one or more output signals responsive to the at least one . 
10 property of the specimen, herein die measurement device is coupled to a lithography track, and wherein 

die li&ography track is configured to perform one or more steps of a lithogr!q)hy process on die specimen 
during use; and 

processing the one or more output signals to determine die at least one property of the specimen. 

1 5 622s A semiconductor device febrioated by s mediodj flie meftod coniprising: 

processmg the specimen ivith one or more steps of a lidiography process in a Uthogcsqphy track to form a 
patterned resist on the specimen, ^erem die patterned resist can be used to form at least a portion of the 
semiconductor device; 

generating one or more ou^t signals responsive to die at least one property of the specimen with a 
20 measurement device, wherein the measurement device is coupled to the lithogn^hy track; and 

processmg the one or more output signals to determine the at least one property of the spedmen. 

623. A method for fabricating a semiconductor device, comprising: 

processing the specimen with one or more steps of a lithography process in a lithography track to form a 
25 patterned resist on the specimen, wherein the pattemed resist can be used to form at least a portion of die 

semiconductor device; 

generating one or more output signals responsive to the at least one property of die spechnen widi a 
measurement device, wherein the measurement device is coiq)led to the lithography track; and 
. processing the one or more output signals to determine the at least one property of the specimen. 

30 

624. A system configured to determine at least one property of a specimen during use, comprising: 

a lithography track configured to perform one or more steps of a lidiography process on die specimen 
during use; 

a measurement device coupled to the lithography track, wherein die measurement device is configured to 
35 generate one or more output signals responsive to the at least one property of die specimen during use; 

a local processor coupled to the measurement device, wherein the local processor is configured to at least 
partially process the one or more output signals during use; and 
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a remote cootcoller coispiiter coupled to ^ local processor, wheiem ikt remote controller coixq>uter is 
conjBgQred to receive Hie at least partially processed one r more output signals and to fintiier process &e 
neoimoie utputsigiialslodetBmiineflie at least one property of the specimen during use. 



625. A method for detenmning at least one jaioperty of a spedmen, conqnising: 

performing one or more stqis of a Hftogr^hy process on &e specimen m a litfaogrqshy trade; 
generating one or more ou:^ signals responsive to die at least one property of the specimen ^di a 
measurement device, wherein the measurement device is coiqiled to the lifhogn^y trade; and 
processing the one or more ou4>ut signals to determine die at least one property of die specimen, 
comprismg: 

at least partially processing die one or more ou^ut signals using a local processor, wherein the 
local processor is coupled to the measurement device; 

sending die partially processed one or more output signals from die local processor to a remote 
controller con^uter, and 

further piccKsing the psrtislly processed one or mere output signsls using the remote controller 
conqsuter. 
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